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AB S TRACT 
Th e mean and intrasub j e c t  r es p o ns e  var i ab i l i ty of voi ce r ea c t i on 
t ime to  audi t o ry s t imu li was i nves t ig a t ed f or f iv e  y e ar o l d , nine y ear 
o l d  and adu l t  s tu t ter ers and nons tut terers . TI1e s ubj e c t s  who p a r t i ci p a t ed 
i n  thi s s tudy wer e twenty- s even s tu t t erers and t\venty-s even no ns tu t terers  
matched for  age and s ex .  The r e  were n ine s tu t t erers  and nine  nons tu t t er e rs  
at each o f  the t h r e e  age l ev e ls . All  o f  the s tu t t erers  h ad been r e p or t ed 
to have exhib i t ed the  ons e t  o f  s tu t t e r i ng b ehavior by  no l a t e r  than f ive 
y ear s o f  ag e .  
Each o f  the s ubj ects  was p r e s e n t ed w i th a t o tal  o f  f i f ty- f iv e  p r e­
r ecorded 1 0 00 H z  t ones b i la t er a l ly thro ugh s t ereo ear phones a t  80 d B  SPL . 
The s t umuli wer e  d ivided i n t o  f iv e  equal s e t s  o f  e l ev en tones each . D a t a  
analy s i s  was b a s ed on respons es two through e l even f o r  each s e t  f o r  a 
to tal o f  f i f ty responses  p er subjec t .  The dur a t i o n  o f  each tone was one 
s econd and the s i l en t  i n te rval hPtwPen each o f  the tones vari ed randomly 
amo ng three , four , f ive , and s ix s ec onds . A one m i nu t e  r e s t  p e r i o d  was 
prov i d ed b e tween each s e t .  The s ubj e c ts were i ns t r u c t ed t o  resp ond to  
the  ons e t  o f  each tone as qui ckly as p o s s i b l e  by  i ni t i a ting the neutral 
vowel s ound /�/ w i th wha t  they consi d ered to b e  th e i r  natural conver s a­
t i onal loudne s s  and e f f or t  and to  hold  i t  un t i l  the tone ended . A training 
p e r i od was p rovi d ed f o r  the f ive y e ar o ld and the  nine y e ar o l d  s ub j e c t s  
unt i l  the i nves t ig a tor d e t ermined that they unders tood and co u l d  c ons i s t­
ent ly p er f o rm the t as k .  Each o f  the s ub j e c ts was then g iven t en prac t i c e  
t r i als i n  o rd er t o  b e come f am i l i a r  wi th t h e  te s t  p r o c edures . Voi ce r e ac­
t i o n  t im e  (VRT ) was meas ured w i th an e l e c t r oni c d i g i tal  count e r  t r i g g e r e d  
i v  
v 
by the onse t o f  the pure tones . Vocal  ons e t  f rom the s ub j e c t  was t r ans ­
duced by  a cond ens er mic rophone two inch e s  f rom the s ub j e c t ' s  l i p s . \m en 
t he v o l t ag e  l ev e l  of the acous t i c  s ignal exceeded 4 60 mVo l t s  ( ap p roxi­
mately 8 0  d B  SPL vocal i n t ens i ty l ev el )  the c i r cu i t  t o  the coun t e r  was 
b roken and s topped  the c l o ck . 
Two thr e e - f a c t o r  analys e s  o f  vari ance w i t h  r ep e a t ed me asur es  o n  
o ne f a c t o r  ( S e t )  w e r e  u t i l i z ed t o  i nv e s t igate  th e e f fe ct s  o f  the thr ee 
exp er imen t a l  vari ables of Age ( f ive , nine , and adul t ) , Group ( s t u t t er ers 
and no ns t u t t er er s ) ,  and S e t  ( on e  through f ive ) on b o th th e mean and i n t r a­
s ubj e c t  r es p ons e var i ab il i ty ( calculated f r om the l o g  o f  the v ar iance )  o f  
voice  r e ac t i o n  t im e . Conclus ions drawn f rom thes e analys es may b e  s um­
mar i zed as f ollows : 
1 .  B o th the s t u t t erers and t h e  nons tut terers exhib i t ed a s i gni f i­
can t d ecrease i n  mean vo i c e  r ea c t i o n  t im e  w i t h  an incr e as e  i n  
age . Th e f ive y e ar old s ubj e c t s  f o r  b o th groups e�t ib i te d  
s i gni f i c an t ly l onger VRTs than the nine y e a r  ol ds and the 
adul t s . The VRTs f o r  the nine y e ar o ld s  were long e r  than 
thos e  o f  th e adul t s; h owever , the  d i f f er ences were no t signi f i -
can t .  
2 .  S imilarly , the intr asubj e c t  respons e  variab i l i ty d ecre ased  
s i gni f i cantly w i th an  inc r e as e  i n  age  for  b o th the  s tu t terers  
and the nons t u t t e r er s  wi th s i gni f i c ant  d if f erenc es  found b e tween 
each of  the  ag e group s . Thus , wh ile �1 e m e an VRT approxima ted  
that  of  th e adul ts b y  nine  years  of  ag e ,  th e i n t r as ubj e c t  
va r i ab i l i ty con t inu e d  t o  de crease through adul th o od . 
3. B e tween g ro up c omp ar i sons rev eal ed that the mean VRTs f or the 
s tu t ter ers  were s i gni f i can tly longer than thos e o f  the match ed 
vi 
no ns t u t terers a t  each o f  the three ag e l ev e l s . Th e l ar ges t di f­
f e r enc e b e tween the  means f o r  the two groups o f  s ub j ects  was 
f o und f o r  the f ive year o ld s  ( 60 ms ec . ) , d e creas i ng to 5 0  ms e c . 
f o r  the  nine y e ar olds  and 3 0  mse c .  f o r  th e adul t s . The 
Gr oup x Ag e i n t er ac t io n , h owever , was nons igni f i can t .  
4 .  The i n tr as ubj e c t  r e s p ons e  var i ab i l i ty f o r  the s tu t t e r e rs was 
also  s i gni f i cantly g r ea t e r  than that f o r  the nons t u t terers at 
each of the thr e e  age l evels . As w i th mean VRT , the g r e a t es t 
d i f f erence i n  res p ons e vari ab i l i ty b e tween the two group s 
o c c ur r ed f or the f ive y e ar o l ds , p ro g re s s ively d e cr eas i n g  as 
age i ncr eas ed . 
5. The Age x Set interaction f o r  the mean vo i c e r e a c t i o n  time was 
nons i g ni f i cant i nd i ca t ing that  age had l i t t l e  or no e f f ec t  o n  
t he r a t e  or  d egree  o f  adap t a t i o n  f o r  t h e  mean VRT across  r es p onse 
s e ts . Th e s tu t t erers  as  a g r o up , howev e r , d emons trated  a 
p a t t ern o f  adap t a t i o n  f o r  mean VRT whi ch was d i s s im i l ar to  
th a t  of  nons t u t terers . The s tu t terers exh ib i t ed a decrease  
i n  mean VRT from set  one  to s e t  two o f  1 9  ms e c .  Thi s  d e crease  
was  f o l lowed by a p rog r es s ive incr eas e in VRT w i th each addi­
t i o nal s e t , a t t aining a maximum value  f o r  es t f ive whi ch was 
6 ms ec . longer than s e t  one . Th e nons t u t t er ers  showed l i t t l e  
or no ch ang e i n  mean VRT across  s e t s , a t t aini ng a minimum 
value on s e t  one . 
6. The Age x S e t  interac t i o n  f o r  i n trasub j e c t  res p ons e  var i a­
b i l i ty was nons i gni f i can t  indi cating th a t  age had l i t t l e  
e f f e c t  o n  th e r a t e  o r  degr e e  of adap ta t i on w i th r e sp e c t  to 
r e s p onse var i ab i l i ty . 
v i i  
7 .  S imi lar ly ,  the Group x S e t  i nt erac t i on f o r  i nt rasub j e c t  r e sp ons e 
var i ab i li ty was also  nons i gn i f i c ant . This  ind i c a t es that th e 
s tu t t er ers  and the nons t u t ter ers  exh i b i t ed s imi lar p a t terns o f  
chang e i n  var i ab i li ty across  s e ts . 
8 .  Th e comb ined intrasub j e c t  r espons e  var i ab i l i ty f o r  b o th the  
s tu t t er e rs and the nons t u t terers  d e cr eas ed f r om set  one  t o  
s e t  two . T h i s  w a s  s ub s equently f o l l owed by a n  overal l increase  
i n  s ubj e c t  var i ab i l i t y  w i th s e ts three , f o ur , and f ive . 
The r esul t s  o f  this  s tudy s ugges t that th e s lmv er , mo r e  var i a b l e  
vo i c e  ini t i a t i o n  ab i l i ty f o r  s tu t t erers may n o t  res u l t  f r o m  f ac t ors 
as s o ci a ted w i th the d eve lopment o f  the s tut te ring d i s o r d e r  w i th age . 
D i f f i c u l ty i n  promp t ly i n i t i a t ing vo i ci ng , o n  the o th e r  h and , may 
cont r i b u t e  to early d i s rup t i on in th e t iming r e la t i ons h ip b e tween res­
p iratory , phonat o ry , and a r t i cu la t o ry processes  nee d ed f or f luent s p e e ch 
produc t i o n . Th e r es u l t s  o f  t h i s  s tudy as we l l  as th os e rep o r t ed f r om 
p r evious i nv es t i ga ti ons migh t b e  in terp re ted to  sugges t tha t  th e s low 
voice  i ni t i a t i o n  ab i l i ty , at l eas t in  s ome i ndividuals , may r e s u l t  f rom 
d i s r up ti on i n  the  d ev elopment of mo tor  programmi ng involved i n  early 
s t ages o f  sp e ech produc t i on .  This  dis r up tion also  app ears to  b e  
exhib i t ed i n  nons p e ech as we l l  a s  spe ech r el a t e d  motor  tasks and may 
r e f l e c t  f a c t o rs i nvo lved in cen t ral p ro c e s sing , s uch as lack o f  
hemi s ph e r i c  dominance . 
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for respon s e  se t s  one t h roug h  f ive . . . .  , , 
7 .  Ovet- a l l  mean v oi c e  re ac t i on times (VRT ) f o r  t h e  
f ive year  o l d ,  nine y e a r  o l d , an d adu l t  s t ut­
terers an d n on s tu t t erers ( s e ts comb ine d ) . 
8 .  Mean v o i ce r e a ct i on t imes ( VRT) for  s tu t t e re rs 
and non s t u t t e rers (all  ages comb in e d )  f o r  
each  o f  the  f iv e  respons e s e t s . 
9 .  Mean l o g  o f  t h e  vari an c e  o f  vo ice reac t i on times 
f o r  th e f ive year o l d  ( 0 e), nine year o l d  
( D •), and adu l t  ( � .A ) s t u t terers and 
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F I GURE 
10 . Mean log  o f  the vari an c e  f o r  the  f i ve y e a r o l d ,  
nine y e a r  old , and adu l t  s tu t t er e rs and n on­
s t ut terers co l l ap s ed across  s e ts , as well as 
the mean l o g  of the varian c e  f o r  each ag e 
l ev e l  co l lapsed  across  groups and s e t s . .  
1 1 . Mean log  o f  the varian c e  f o r  th e s tutterers and 
nons tut t e r e rs ( co l la p s e d  across  ages ) f o r  
s e t s  o n e  through f i ve , as we l l  a s  the me an 
l o g  o f  the varian c e  f o r  each s e t  co l lap s e d  
a c r o s s  groups  and ages . .  
1 2 .  Over a l l  mean v o i c e  react ion times f o r  the f ive 
year  o ld ,  n ine y e ar o l d , and ad u l t  s tu t terers  
and non s t u t t ere rs , as  w e l l  as  the  mean f in g e r  
tap r e a c t i on time s rep o r t ed by Go o d enough 
(19 35 )  f o r  s ubj e c t s  o f  the s ame age . .  
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CHAPTER I 
H�TRODUC':ION AlTD REVIE'vl OF THE 
LITER...�TUR?: AND STATEMENT OF THE ?ROBLf..i1 
I. INTY.Om.TCTION 
Research evidence indicating that the disfluent speech of stut-
terers might in part be attributable to p honatory behavior which d iff ers 
from that of nonstutterers has resulted from numerous investigatio:J.s 
(for examp le : \Hngatc, 1970; Besozzi and Adams, 1969; Adams and Reis> 
1971, 1971�; Freeman and Ushij::Lma, 1974; and Agnello , 1974). Adams and 
Reis (1971), for example, measured the frequency of scuttering and che 
rate of adaptation of stutterers while reading two passages, one con-
taining all voiced phonemes and the other containing botb voic ed and 
voiceless phcn·2mes. Less stucr.:ering and a faster adaptation rate v:ere 
observed for the all voiced p assage which required less off/on adjust-
ments of t::e voc2l folds. A similar difference in adaptation :cate :v-as 
obs.:rved i"'"' a replication ci this stud)' (Acarr.s ar..d ?,eis, 1S74), although 
it did r..ot confirm the difference in frequency. 
Rccen;: investigat·i.ons have utilized the raac !:ion time paradig!Ll.* 
in an attempt to identify reore precisely the nature of �he phonatory 
behavior dif fer enc e s between stutterers and nonstutterers. Adams and 
Hayden (].976) cc-:npar.e.d the voice initi:ltion times (V:!:T) and the voice 
tar:r.inati��n tl.mes ('il':T) of o.ciult stutterers aad nonstutterers. The 
>�:S'.:udl.es utili�ing tne reactioc t Lrr:e p:J.radigrr C.2.'1'2 also refe::cred 
to tht:i.r resultant ;:r,easun.cments as "voice :Lnitiat.'"·Jn t:L'le, '' 0r ·vrT. 
The.refo1·e, beth VIT anc \'RT refer to t�1t: z.;&te bE::havioral phenomenon 
and are used interchangeably in acc�rdance to the author's terminolcgy. 
l 
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s ubj e c t s  responded as qui ck ly as p o s s ib le to the o ns e t  and o f f s e t  of an 
audito ry s timu lus cue ( 1000 H z  p u re tone) by ini t ia ting and termina ting 
phonat i on of the i s o l ated vowe l I 0,. I. A l though b o th groups imp rove d  wi th 
repea ted phona t o ry r espons e s , the s tu t terers ' V ITs and VTTs were b o t h  
s i gn i f i can t ly long e r  than tho s e  o f  t h e  nons t u t t er ers . 
S t arkwe ather , e t  a l . ( 19 76 )  also  f o und that s t ut ter e rs had longer 
V ITs than nons tut ter ers whe n  s ub j e c t s  res ponded to a vis ual s t imulus 
cue ( f lash o f  a l i gh t  o n  a s creen ) by i ni t iat ing various s y l l ab le or 
s y ll ab l e  comb inations . The s t u t t erers ' VITs were s i gni f i can t ly longer 
than tho s e  o f  the nons t u t t e re rs with b o th group s impr oving w i th p ra c t i ce .  
C r o s s  and Shad den ( 19 7 7) inve s t i ga t ed th e op timum voi ce re action 
t imes (VRT ) of  adult s tu t terers  and  nons t u t t er ers as a f unction o f  whi ch 
e ar re ceived the aud i t ory s timulus cue . Th e s ub j e c ts  responded t o  one 
h und red 4000 Hz  p ure t ones b y  ini t i a t ing the vowe l I A I. Res u l t s  i ndica t ed 
that t h e  s tu t t erers had s igni f i c an t ly long er VRTs and exh i b i ted greater 
r e sponse wariab i l i ty in ini t i a t ing voi cing than the nons tut t e rers  wh en 
opera ting at  wh at  app e ar e d  to be the i r  op timum vo i c e  r eaction ab i l i ty 
f o r  the t as k .  No  d i f f e rences were ob s e rved b e tween the l e f t  and r i gh t  
ears w i th respect t o  VRT for ei ther group . 
The results  o f  thes e inve s t i ga t ions on v o i c e  r e ac t io n  t ime indi cate 
that one  focal p o int of  d i f f i cu l ty f o r  the adul t s t ut t e r er m i gh t  b e  i n  a 
s low , ex tremely variab le  ab i li ty to ini t i ate vo cal  f o l d  v ib r at io n  i rre­
s p ec t ive o f  s up raglo t t al ar t i culato ry g e s t ur i ng .  Howev e r , whe th e r  the 
s low v o i c e  i ni tia t io n  ab i l i ty ob s e rved  f o r  s tu t terers  as a gr oup con­
t ributes t o  early d i s rup tion in the s p ee ch p ro d u c t i o n  p ro c e s s  or p o s s i b ly 
results  f rom the individual ' s  h i s t o ry o f  s tu t te r i ng deve lopme nt i s  
p r es ently unk nown. For  examp le , the s tu t tering behav i o r  which h as 
dev e lo p ed from i ts e a rly s t ages t o  that obs e rv e d  in the adu l t  may con­
t rib ute  to the s low VRTs f o r  the s t u t te rers . On the o th e r  h and , i f  
the d e l ay i n  ini t i a ting voicing o riginally cont rib u t es t o  dis rup tion 
o f  f luen t sp e e ch , then long e r  VRTs might  be exp e ct e d  f o r  the yo ung 
s tu t t e re r  th an f o r  the nons t u t t e re r .  No  s tudies h av e  b een f o und whi ch 
inves t i ga te d  the dev e lo pment o f  vo i c e  reac tion ab i l i ty o f  ei ther s tu t­
t er ers o r  nons t u t t er er s .  
The p u rp o s e  o f  th i s  s tudy was to inves t i g a t e  the e f f e c ts o f  the 
three exp e rimen tal variab l es o f  Ag e ( five year olds , nine y e ar o lds , 
and adu l ts ) , G roup ( s tut terers  and nons t u t te r e rs ) , and S e t  ( p rac t i ce )  
o n  b o th the mean and in t rasubj e c t  response variab i l i ty o f  voice reac t i on 
times t o  a pure  tone audi t o ry s timulus cue . 
I I . REV I EW O F  THE L ITERATURE 
The concep tual i zation that s t u t t e ring is a t  l e as t in p ar t  i de n t i­
f i ab le as a dis rup tion i n  the p r ec i s e  co o rdination o f  the r es p i r a t o ry , 
phona to ry ,  and / o r  articulatory p ro ces s es o f  s pe e ch h as b een p o s tula t e d  
s ince the  early 19 th cen tury . S e rr e  d'Alais ( 1 829 ) f o r  e xamp l e , a t t ributed  
the  s o urce of  s tu t tering to  a ch roni c " s p asm o f  the glo t t i s , "  wh i le S i r  
Char le s  B e l l  ( 1 8 3 2 ) , B ecque rel  ( 1 8 4 7 )  and Co en ( 1 8 7 5 )  hypo th e s i z e d  that 
s tu t t e ring results  f r om the p a th o lo gical  inco o rdina t ion  of  the re s piratory 
s y s tem .  Re cen t rese arch ef f o rts  h av e  at temp t ed t o  i dentify mo re s p e c i f ­
i c a l ly the l ev e l  in t h e  s p e e ch p ro d uc t i on p ro ce s s  at wh i ch dis rup t i on 
in temp o r a l  coo rdina t i on o f  the r e s p i rato ry , phonato ry , and ar ti cul a to ry 
p ro c e s s e s  may o ccur . 
S t udy o f  the no rma l s p ee ch p ro c es s es h as d emons t r a t e d  tha t  f luent 
s p e e ch is dep endent  upon the  p r e c i s e  t empo ral coo rdina tion o f  res p i r a t o ry 
f orces , phonato ry p ro ces s es , and upp e r  a irway mo d i f i c at i on o f  the vocal  
t ract . The l a ryngeal and upp e r  airway s t ruc t ures  move in an  e f f o r t  t o  
mo d i fy t h e  e s s en t i a l ly con s t an t  a i r  p r es s ur e  p rovided b y  t h e  res p ir a t ory 
sys tem .  One d e t e rminer o f  f luent s p e e ch is the  ma intenan ce of air f l ow 
in conjun c t ion wi th the o ns e t  and o f f s e t  o f  v o i cing . The p r e c i s e  t iming 
o f  v o i c e  ini t i a t i o n  needed f o r  s p e e ch i s  dependent upon a numb e r  o f  f ac t o r s . 
F o r  examp le , p a r t i a l  adduc t i on o f  the v o c al f o l d s  i s  ne c es s ary in o rder to 
create g l o t tal  r e s i s t ance p r i o r  to  v o i c i ng . I ni t i a t i o n  o f  vo cal i z at ion i s  
dependent upo n  t h e  e xp i ratory f or c es creating subg l o t t i c  p re s s ure large 
enough to  over come the glo t t a l  and s up raglo t tal r e s i s tances . Op t imally, 
g lo t t a l  s t i f f ne s s  and s up r aglo t tal p r e s s ures  w i l l  b e  suf f i c i en t ly l ow to 
r equir e  o n l y  minimal increase in  e xp ir ato ry fo rces to i n i t i a t e  smo o th 
vo cal f o l d  v ib ra t i o n .  D i s rup tion in the b a lance o f  p re s s ur e s  and f lows 
anywhere  along the s p eech mechanism may r es u l t in the d i s r up t ion o f  
phona t ion . Fo r examp le , dis rup t i o n  i n  the ini t i a l  l aryngeal addu c t o ry 
e f f o r t  would d elay v o i c i ng ons e t  and f o r c e  the  suprag lo t t al ar t i cu l ators  
to  e i th e r  p r o l ong or  rep eat movements  in  an a t t emp t to  a l l ow the  phona t o ry 
sys tem t ime to es t ab l i sh a s uf f i ci ent  v o c a l  t one f o r  v o i cing . Thi s  com­
p ens ato ry supraglo t ta l  ac tivi ty , howeve r ,  may al s o  c reate  exces s ive pres­
s ures  b ehind the arti culat o r s  i ncreas i ng g lo t t a l  res i s t ance and f u r ther  
d i s rup t ing the ons e t  of  phona t ion . Theref ore , as no t e d  by  Adams ( 19 7 4 ) , 
ini t i a l  d i s rup t i on in any one o f  the sys tems migh t b e  r e f le c t e d  i n  dis­
rup t ion at  any o ther  l evel . 
Wing ate  ( 19 6 6 )  pos tulated that  the  focal  de f e c t  i n  s tu t t ering 
II . l i e s  in  the ma t te r  o f  a d i f ficul ty in making q u i ck sh i f ts in  
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the high ly integ ra t e d  coo rdina tion o f  phona tion and arti culation 
demanded i n  the simp le f unc tion o f  verb al exp r e s sio n . "  He i d enti fi e d  
t his p r o b l em as a " phone ti c  t r ansi tion defe c t " ch ar a c t e ri z e d  by di f­
ficu l ty in p ro c e eding from one phone t o  ano the r  (Wi ngate , 19 69) . He  
sugges ted tha t  the  ob s e rved increas e i n  f lu en cy during s u ch activi ties 
as singing , imp o sed  rhy thm , and cho ra l  s p eaking results  f rom the indi­
vidual ini tia ting chang es in the manner o f  phona tion f rom his usual mo d e  
of  s p e aking. Changes i n  phona tion during f luency enhancing sit ua tions 
such as d e lay e d  audi t o ry f e e dback  (DAF) and audi tory masking hav e  b een 
identi fied as increases in b o th the f undamen tal f r equency and vocal 
int ensi ty as well as increas e d  syllab le dur a ti on ( Wing a t e , 1 9 7 0 ) . 
An incr easing numb e r  o f  res earch e f f o r t s  h av e  a t t emp t e d  t o  i d en­
ti fy corr e la t e s  of s tut t e ring as s o ciated w i th th e dis ruption in timing 
b e tween the res pira t o ry ,  phona to ry , and articula to ry p ro c es s e s . Indi r e c t  
evidenc e h a s  b een p rovided thro ugh s tu di es o f  s tu t t e ring adap tatio n . 
O thers h ave a t temp ted to identi fy s p e ci fi c  temp o r al p a t t e rns as s o ci a t e d  
wi th s tu t t e ri ng b eh avior . Ha r e  dir e c t  evidence o f  s tu t t e ring as a dis­
rup tio n in the  pho natory p ro c es ses  h as b een p rovided  through s tudi e s  
u tilizing fib e ro p ti c  and e le c t romy ograp h i c  te chniques as wel l  a s  th rough 
the inves tigation o f  voic e  o ns e t  time and voi c e  rea c tion time . 
Adapta tio n  S t udies 
Winga te ( 19 6 6) a t trib u t e d  s t u t t e ring adap t a tion in s u c ce s siv e 
readings o f  the s ame p as sage to  in creas ed p ra c ti c e  with the p ro s o dy o f  
the pas s ag e .  To tes t this assump tion h e  had s ix t een y o ung adu l t  male 
s tu t t e re rs read a 20 7-word p as s age five times in s u c c e s sion und e r  two 
condi tions . In o ne condi tion the p as s age was p unctuated  in five di f f e re n t  
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w ay s , thus requiring an a l t e red p a t t e rn o f  intonation and melo dy i n  each 
reading . I n  the s e cond condi t i o n ,  punc tuat i on o f  the p ro s e  p as s ag e  was 
the s ame in all f ive read ings . S i g ni f i c an t ly g re a t e r  adap tation was 
obs e rved on the p as s ag es cont aining the  s ame p r o s o d i c  p a t t e rns . Wingat e  
hypo thes i z ed a two- f ac t o r  exp l ana t i o n  o f  s tu t tering adap tation  cons i s t ing 
o f: ( 1 )  a g eneral o rg anism i c ad ap t a ti o n  to the s i tuation , and ( 2 )  increas ­
ing f ami li ar i ty w i th the p ro s o dy res u l t i ng i n  i n c r e a s e d  p ro f i ciency i n  
making art i culatory movements and coo rdinat ing art i culation and phona t i o n . 
Beso z z i  and Adams ( 19 6 9 )  b e l i eved  tha t  i f  Wing ate's assump t i on we r e  
correct  t h e n  t h e  mo re o ra l  reading p r ac t i ce p rovided  t h e  s tu t t e r e r , the 
more he  should adap t .  Th ey h ad s ix t e en s tu t t erers r e ad mat ched 300  word 
p a s s ages under two cond i t i o ns. I n  the con trol  condi tion , the subje c ts 
o rally read the s ame p as s age f ive cons ecu tive t imes . I n  t h e  exp e r imental 
cond i t ion , the s ubj e c ts read a ma t ched  pas s ag e  o r al ly on t ri als 1 and 5 ,  
and s i le n t ly on t ri als 2 ,  3 ,  and 4 ,  limi ting o r al reading p r a c ti ce and 
h en c e  p ro s o d i c  adap tation . S i gni f i can t ly g reat e r  adap t a tion o ccur red 
1.:rhen s ub j e c t s  were p rovided wi th the add i tio nal o r al reading p rac t i ce 
s up p or ting Wing a t e' s  assump t i on that p rac t i c e  in  coordinat i ng the physio­
logical a c t iv i t i es for  sp eech reduces s t u t t e ring . 
Brenn er , P erkins , and Soderb e rg ( 1 9 7 2 )  at t emp t e d  t o  i den t i fy f ac t o r s  
con t ri b u t i ng t o  de cr e ased  s t ut t ering o b s e rved und e r  cond i t ions o f  i n­
creased p r ac t i ce s ugges ted by  Wingate (19 6 6 )  and B e s o z zi and Adams ( 19 6 9 ) . 
B re nner , e t  al . had twe lve s tu t t erers  reci te 10- s y l lab le s e n t ences f rom 
memo ry a f t er cond i t i ons of s i lent rehear s al , lipp ed r ehearsal ( s i len t 
r ehears al  wh ere  mo t o r  movements  were p e r f o rme d f o r  s p e e ch w i thout p r o­
ducing s ound ) , wh i s p ered rehear s al , r eh e ar s al aloud , and no rehears al . 
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F ewe r dis f l uencies we re o b s e rved a f t e r  the s tu t t er ers  h ad p ra c t i ced aloud 
than a f t e r  any o th e r  condi t ion . Al th ough b o th the l i p p e d  r ehear s al and 
whi s p e re d  r ehearsal contained mo to r i c  components , they were dis tinguished 
f rom the rehears al-aloud cond i tion  b y  no t u t i l i z ing vo c a l i z a t i o n .  S ince 
the aloud r ehearsal  condi t i on p rovi de s  more p racti ce i n  i n t e g rat ing the 
intrica t e  mo t o r  f unc tions of p hona tion and ar t i cula tion , the au thors  s ug­
g e s t e d  tha t s tu t t erers  have more di f fi cu l ty co o rd inating phona to ry with  
a r t i culato ry movements than con t r o l ling ar t i cula t o ry movements without  
voice . 
Ad ams and Reis ( 19 7 1 )  examine d the role  o f  phona t ion in s tu t t e ring 
adap ta tion b y  a l t e r ing the numb e r  o f  " o f f - on" adjus tmen t s  o f  vo cal f o l d  
v i b r a t i o n  required  during o r a l  reading . They had f o u r t e en s tu t te r e rs 
p e r f om f ive ma s s ed o ral readings o f  each o f  two pass ages , one cont aining 
b o th vo i c ed and vo i celess  s ounds , and the o th er containing vo i c e d  s o unds 
only . Thus , the voiced-vo i celess  p a s s ag e  requi r ed mo re " o f f - on" phona­
t o ry adj us tmen t s  than the a l l  voiced  p a s s age . Resul ts showed  s i gni f i can t ly 
l e s s  s tu t t e ring and more rap i d  adap ta t i on was as so c i a t e d  wi th t he a l l­
vo i ce d  p as s ag e  ma t e r i al . In a rep l i c a t i o n  o f  their s tudy , Adams and Reis  
( 1 9 7 4 )  again repo r t ed fas t e r  adap t a tion with the al l-vo i c e d  p as s age . The 
authors also  ob s e rved  th a t  the lo ci  o f  b locks in the s e  s tudies indi c a t ed 
that mos t dis f luencies o c cur r ed at p o ints in the p as s ag e  whe re p h ona tion  
had t o  b e  ini t i a t ed qui ckly , as  o n  rap i d  t rans i t ions f rom v o i c e l e s s  t o  
voi ced s o und s . One third o f  t h e  t o t al numb er o f  d i s f luencies o c curred on 
the f i rs t  s ound in a s en t ence , on the firs t s o und a f t e r  a j un c t ur e , or o n  
t rans i t i ons f rom voi celes s t o  vo i ce d  s p e e ch s o unds . The au tho rs  also  
n o t e d  tha t  many s tu t terings that did  no t " ad ap t o u t "  appeared  during the 
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prod u c t i on of  s y l lab l e  i ni t i a l  voiced  s top s .  F rom these  f inding s  Adams 
and Reis ( 19 7 4 )  s ugg es ted tha t  the amount of adap t ation wi l l  incr ea s e  as 
t he numb e r  o f  r equi rement s  f or p romp t o n s e t  o f  phonat i o n, and comp l e t e  
articula t o ry cons t r i c tion i n  a p a s s age decrea s es . T o  further  t e s t  this 
assump t i on , Adams , et  al . ( 19 75 )  h ad f our teen adu l t  s tu t terers  p e r fo rm 
mas s e d  o r al r eadings o f  each o f  th ree s e p ara t e ,  s p e ci a l ly cons t ru c t ed 
p as s ages . The larges t amo un t o f  adap t a tion·o c cur red b e tween the fi rs t 
and s e cond r ea dings f or each o f  the  three pas s ag e s . H owever , mo re adap t a­
t ion o c curred during an al l-voiced-co ntinuants-only p a s s age than o n  an 
a ll-voiced- s tops-and- con t inuants  p as s age . The l e as t amo un t  o f  adap t a­
t ion o ccur red o n  the p as s ag e  that cont ained b o th vo i ce d  and voi c e l e s s  
s o unds , s to p s , and co ntinuants . Thus, s tu t t e ring app eare d t o  decrease 
wi th the d e c re as e  i n  the  l ev e l  of  mo t o r  complexi t y  chara c t er i zed  by  th e 
numb e r  o f  r e q ui rements f o r  p r omp t o ns e t  o f  vocali z a t i o n  and comp l e t e  
ar ticulato ry co ns t ri c tio n .  
The res u l t s  o f  thes e adap t a tion s tudies indi c a t e  that  s tu t tering 
decreases  wit h  rep eated m o t o r  p r a c t i ce . The s e  s t udies also  s ugge s t  that 
the numb e r  o f  dis f l uencies decreases  as  the mo tor  comp l exi ty required 
for the coo rdination of  r espi ra t o ry , pho na to ry , and arti culato ry ac tiv­
i ty decreases . 
Temp o ra l  P a t t e rns i n  S t u t t e ring 
Dis rup tion in t iming b e tween the la ryngeal and s up r a l aryngeal 
a c tivi t y  may res u l t  f rom an i nab i l i ty to  make adjus tment s  of  the vocal 
f o lds  rap i d ly during s p e e ch . Adams ( 1 9 7 4 )  p ro p o s ed tha t f lu ency is  
dep enden t upon smo o th coo rdina tio n  of  the  res pi r a tory , phona t o ry , and 
a r ti cu lato ry s y s t ems . He also  sugge s t e d  the p o s sib i l i ty that each 
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l eve l could s e rv e  as a f o cus o f  di f fi cu l ty th a t  t riggers dis co o r dina t i on 
wi th o th e r  leve l s  o f  the s y s tem.  S tudies u ti li zing aerodynami c and 
e l e c t romy o g r aphi c t e chniques have a t t emp ted  t o  identi fy p a t t e rns o f  
dis co o rdina tion during f lu en t  and di s f luen t s p e e ch p ro d u c tion of  
s tut t ere rs. 
H u t chinson and Ringel  ( 19 7 3 )  compa red ae ro dy namic p a t t e rns o f  
s tu t t e r e d  s p e e ch p ro d uc tion wi th t h e  p e r c ep t ua l  c a t ego ri za tion o f  the  
dis f luency typ e .  Measurement s  o f  air f l ow and p r e s s ure were ob t aine d 
during th e o r a l  r eadi ng o f  a p r o s e  p as s a g e  b y  eigh t a du l t  s t u t t e rers . 
N o  one - t o-one re l a tionship was ob s e rv e d  b e twe en the  p e rcep tual ca t e­
go ri z a tion o f  th e dis f luency and i t s  phy siologi ca l condi tion . I t  was 
als o f o und , h owever, tha t  ea ch s tu t t er e r  disp l ay e d  o ne or two charac­
t e ri s ti c  aer o dynami c p a t t e rns mo re f r equen t ly than o th e r s , in f e r ring 
an individuali z a tion in the p a t t e rns of dis rup t e d  coo r dination b e tween 
the respira to ry , phona t o ry , and suprag l o t t al p ro c e s s es . 
C ou tur e and C o l t o n  ( 19 76 )  ana ly z e d  the p rephonat ory adj us tme n t  
o f  s tu t t e re r s ' respi ra t ory and l aryngeal  sys t ems during dis f luent and 
f l ue n t  s p e e ch p ro d u c tion . Two adu l t  male s tu t t e rers and one nons t u t ­
t e r e r  read 3 4  is o la t e d  mono s y l labic and bisy l l abic words . Temp o r a l  
relationships wi th resp e c t  t o  t h e  ons e t  o f  che s t wal l diminu tion and 
onse t o f  addu c t o ry ac tivi t y  were o b t ained by means o f  a magne tome t e r  
and ENG readings f rom the l a t eral crico ary t enoi d  mus c le (LCA ) .  Resu l t s  
indi c a t e d  t h a t  9 4  percen t  o f  a l l  f luen t produc t ion \vas charac-
t eri zed  b y  o ns e t  o f  the LCA a c tivi t y  p r eceding the  ons e t  of ches t wall  
diminution . Seven ty- fiv e  p e rcen t o f  the  dis f luent p ro duc tions , h owev e r , 
were ch arac t eri z e d  b y  LCA o nsP t lagging b ehind che s t  wall  diminu tion b y  
2 5  t o  8 7 5  mse c .  T h e  dis f lue ncies w e r e  a l s o  ch arac t e ri z e d  by  ce s s a tion 
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o f  t h e  ches t  w a l l  d iminu t io n  and inappropri a t e  inspira tory ges tur e s . Th e 
auth ors hyp o thes i z ed that the impr oper t iming r e l a t i onship in the resp ir­
atory-phonatory pro c es s  as s o c i a t e d  w i t h  s t u t t ering resul t e d  from inap pro­
pri a t e  contrac t ion of  the laryngeal ab duc t or mus culatur e .  They f ur ther 
sugg es t e d  that the laryngeal mech anism is the locus o f  p eripher a l  t iming 
con tro l for s p e e ch . 
Ford ( 19 7 5 )  inve s t ig a t e d  th e t emporal r e l a t ionship amo ng the o ns e ts 
o f  s ub glo t t i c  and intraoral air pre s s ure , phon a t io n ,  and lab i al EMG ac­
t ivi ty dur ing s tu t t ered and f l u en t  pro duc t i ons o f  s ing l e  word s  b eg inning 
w i th b i lab i als  by  three adu l t  s tu t t er ers . From the analy s is o f  the d a t a  
she concluded that  p erceived s tut t er ing was p ar t i al ly a t tributab l e  t o  a 
f ai l ure t o  us e a cons i s tent s equence o f  s p e e ch pro duc t io n  even ts . More­
over , the lo c a t i on o f  d i srup t i on in the s p e e ch pro d u c t i o n  me chanisms 
app e ared to  d i f f er among s ub j e c t s  indi cating an indivi duali z a t i o n  o f  
aero dynami c-phy s io log i cal p a t terns . I t  was also o b s erved that inco or­
dination o f  the s p e e ch pro duc t i o n  pro c e s s  s ometimes pre ceded , ac comp ani ed , 
or f o l lowed the o ns e t  o f  phona t ion . 
Th e resul t s  o f  th es e s tudies inv es t i ga t ing the t emporal p a t t erns 
in s tut t ering i nd i cate  cl1a t  s tu t t ering b eh avior is  character i z e d  b y  
d isrup ted p a t t erns o f  mo tor t iming b e tween t h e  r e s p ir a t ory , phona t ory , 
and ar t i cu l a t ory sys t ems . I t  has also b een s hown that s tu t t er ers may 
demonstrate i nd ivi dual p a t terns o f  d i srup ted mo tor t im i ng even though 
they result  i n  s imi l ar p er c ep t ual jud gemen ts o f  d i s f l u ency type ( i . e . , 
pro longa t ion , repe t i tion , e t c . ) .  F inally , thes e  s tudies  s ugges t th a t  a 
primary focal  p o i n t  o f  s tu t ter ing may b e  in d i f f i cul ty i n  e f f e c t ing 
appropr i ate  t iming r e l ationships b e tween r es p iratory even ts and phona ti on .  
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This di f ficul ty appears to b e  char ac t e ri z ed by d e l ay ed o ns e t  of v o c a l  
f o ld vib ration wi th r es p e c t  to  ons e t  o f  respi rat o ry exhalation ac tivi ty .  
Phona to ry Dis func tion in S tu t te ring 
S everal  auth o r s  h av e  hyp o thesi z ed that s tu t t ering r es u l ts f rom a 
dis rup tion in l a ryngeal mus cl e  a c tivi ty p rio r to o r  during the ons e t  o f  
phonation f o r  s p e e ch . Wyk e  ( 19 6 9 , 19 7 0 )  f o r  examp l e , p r op o s ed tha t  the r e  
are two di f f erent  t y p e s  o f  s tu t t e ring a s s o ciated wi th phona t o ry di f fi c u l ty . 
One typ e o f  "vo lunt ary" s t u t t ering results  f rom abnormal ly s low o r  ina c­
curate vo lun t ary p res e t ting o f  the larynge a l  and respi r a to ry mus cula ture . 
The s e cond typ e ,  " re f l ex s tut t e ri ng , "  s up p o s ed ly r e s u l t s  wh en volunt ary 
p r es e t ting o f  add u c t o r  t one ( t ension) is per f o rmed a c cu ra t e ly bu t intri nsic 
laryng eal ref lex s y s t ems f ai l  t o  m aint ain the mus cula tur e in the appro­
p ri a te p r es e t  phona t o ry p o si tio n .  Thus , during expiration the v o c a l  f o lds 
are r andom ly devia ted from the desired p os i tion and t ensi o n .  
Mo r avek and Langovj ( 19 6 7 )  and Las tovka ( 19 7 0 )  considered t h e  central 
p rob l em of  s tu t tering to  be  exces siv e t ension in the laryng eal mus culature 
during the p rephonation or the "ini tial tonus " s t ag e  o f  s p e e ch p rodu c tio n .  
Excessive t e nsion would p r ec lude smoo th initiation o f  phona tion . Las tovka 
( 1 9 7 0 ) , fo r examp l e ,  at trib u t ed the exces siv e ini tial laryng eal t onus in 
s tut t e ring to  increased exci tabili t y  o f  the spinal mo toneur o ns f aci li t ated 
b y  an increased emo tio nal s ta t e . He ob s e rved th a t  the r es ting monosynap ti c 
s pinal cord re f l ex in s t ut te rers is  normal b u t  th a t  the r e  i s  a signi fi­
c an tly g re a te r  f a ci li ta tion o f  the r e f l e x  prior to s tu t t ering. 
Fibiger ( 19 7 1 )  also s ug g e s t ed that s tu t t ering may resul t f r om 
exces sive ini tial tonus o f  the s p e e ch mus culatur e .  He o b s erved tha t ,  
p rio r t o  s tu t t e ring , individuals demo ns t rated exagg e ra t ed amp li t ude o f  
normal p hy sio logica l t r emo r ( 8 H z )  in f acia l  mus cles . This tremo r was 
no t p r e s en t  p rior  to  fluent s p e ech or in the s p eech o f  nons t u t t erers . 
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S chwa r t z  ( 1974 ) sugges t e d  tha t  s t u t t ering r e s u l t s  f rom an i nap­
prop riate , vigo ro us , ab duction o f  the vocal f o lds in resp onse to  s ub ­
g lo t t al p r e s s ur es required f o r  s p e e ch . T h e  l a c k  o f  inhibition o f  t h e  
ab duct o ry respons e ( airway dtla tion r e f l ex) a t  the  l ev e l  o f  t h e  mecu ll a 
s uppo s e d ly r e s u l t s  i n  cont rac tion o f  the p o s t e ri o r  c ricoary t enoid ( P CA )  
p la cing the v o c a l  f o l ds i n  a p o s ture incomp a t ab le wi th the phona tion 
req uired for s p ee ch . S chwar t z  r el a te d  this inap p r o p riat e PCA contrac-
tion to p sy cho logical s t ress  \vhi ch , when p r e s en t ,  inc reased  the p o s ­
sibili ty o f  l o s s  o f  supra:nedul lary con t r o l  (Vi ckers , 196 8; T eichner, 196 8 ) . 
More re cently , P erkins , e t  al . ( 1976)  hyp o thesi z e d  tha t  due t o  th e 
high ly comp lex nature  o f  phonatory adj us tments  needed f o r  s p e e ch the 
mos t lik ely fo cal p oint of  s tu t t e ring i s  in dis rup tion a t  the l aryngea l  
l eve l .  I f  this were  in f a c t  the cas e , they sugges ted  that s y s t ema ti cal ly 
simp lifying the comp lexi ty o f  l aryng eal adjus tments  wi thout v arying 
articulat o ry a c tivi ty should r es u l t  in less  s tu t t e ring . To tes t this 
hypo thesi s , P erkins and his a s s o ciates  had thi r ty adu l t  s tu t terers  who 
s tu t t er e d  whe n  whi s p e ring read th ree 130-sy l lab le exerp t s  f rom the 
"Rai nb ow P a s s a g e" under three condi tions of sys tema ti cally changing 
phona t ory- re spi rato ry comp lexi ty :  voi c ed , whi s p ered, and ar ticu l a t e d  
without phonatio n .  Res u l t s  s howed th a t  s y l l ab le dis f luencies we re p r o ­
gres sive ly reduced i n  numb e r  as t h e  comp l exi ty o f  phona tory and respi­
rato ry coo r dina tions was simp lifi ed . Speaking rates  were also obs e rv e d  
to increase p ro g re s s ively wi th simp l i fi c a tion o f  phona ti on . The au tho rs  
c onc lud e d  th a t  s tu t t ering app e ars to  be  a fun c ti on of  comp lexi ty o f  
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phonatory coo rdina t i on w i th arti cula t o ry and r e s p i r atory p r o c es s es . 
Moreover , s ince th e comp lexi ty o f  the phonatory a djus tments was the only 
var i ab l e  al t er ed sys t emati cally in th e s tudy , the  a u thors also  s ugges ted 
tha t the p r imary lo cation o f  d i s r up ti on i n  fluent s p e e ch p roduct ion i s  
i n  phonat i on .  
D i r e c t  o b s ervation o f  the vo cal f o lds h as also  b een u t i li zed to 
i nves t i g a t e  phonatory a c t iv i ty dur ing f luent s p e e ch and s tu t t er i ng . 
Chevri e-Muller ( 1 9 6 3 )  obs erved the vocal f o l ds o f  2 7  s tu t t er ers b y  
means o f  g l o t tographi c  t e chniques . Laryngeal abb e rat ions i n  t h e  f o rm 
o f  a f lu t t er ing o f  the f o lds , arhy thm i cal vo cal f o l d  vib r a t i on , unp r e­
d i ctab l e  g lo t tal  o p enings and p a r t i a l  o r  comp l e t e  ab s ence o f  vo i cing 
during rap i d  g l o t tal ac t ivi ty were ob s e rved during s tu t t ering. S imi lar 
o b s e rvations were r ep or t ed by  Freeman and Ushij ima ( 19 7 4 a)  who u t i l i zed  
f ib erop t i c  me thods to view the  vocal f o lds during s tu t t er i ng . They 
r ep o r t ed that  the p r imary f e ature o f  larynge al a c t iv i ty duri ng s tu t t ering 
monents was tight  c losure o f  the l aryng eal ap e r t ur e. Thi s  was obs erved 
p r imari ly at  the l evel  o f  the true vocal f ol ds , but also  f r equen t ly 
i nvolved th e ventri cular f o lds and / o r  th e tub er culum of  the ep i g l o t t i s . 
They als o  rep o r t ed an irregular , i n t e rmi t tent o p ening and clos ing o f  
the g lo t tis. 
Cou tur e , M cCal l , and B r ewer ( 19 7 4 )  u t i li zed f l exib le f ib er op t i c  
nas o laryngo s copes  t o  view the l aryng eal activ i ty ac comp anyi ng 1 2 0  d i s ­
f luenci es pro duced by  s ix adult  s tu t t er er s . V o c a l  f o l d  ac tivi ty w as 
ob s e rved  dur i ng s us tained phona t i on , d i adoch okines i s , i nf o rmal con­
vers atio n ,  and reading o f  a p r o s e  p as s ag e . S ound- s y l lab le rep e t i ti ons 
were charact eri zed by the vo cal f o l ds b eing held  in a r e l a t iv e ly fixed , 
p ar tial ly-ab du c ted p o si tion . Whi l e  in this p o si tion the f o lds  were 
s een to o s ci l l a t e  s lowly. So und pro long a ti o ns were  cha r a c t eri zed  b y  
holding t h e  v o c al fo lds in a r e l a tively fixed , comp l e t e ly addu c t e d  
p osition .  The autho rs s ugges t ed tha t  t h e  p a r tial ly ab duc t ed p osition 
char a c t eri z ed by  th e s ound-sy l lab l e  r ep e ti tions may res u l t  in s ome 
degree o f  in t e r f e r ence in the r e ciprocal  con t r a c tio n and re l axation 
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o f  the ant agonis ti c addu c to ry- ab d u c t o ry mus c les  o f  the vo c al f o l ds . 
T emp o ral dis rup ti o n  in the timing r e l a tions hip b e t\veen the p rimary 
adduc t o ry - ab d u c t o ry laryngeal mus cu la ture was a l s o  ob s e rved by F reeman 
and Ushijima ( 1 9 7 4b ) . They ob s e rved  the e l e c t romy o g raph i c  ( EMG ) ac tiv­
ity o f  f ou r  l aryngeal mus cles duri ng s tu t t e ri ng . Hookwir e  e l e c t rodes 
were us e d  to  measure ac tiv i ty f r om the p o sterio r  cricoary t enoi d  ( P CA ) , 
lateral  cricoary tenoid (LCA ) ,  the vo calis , and the c ri c o thy roid mus cles 
of  a s evere male s t u t terer . Comp aris ons were made o f  the s ubje c t ' s  
f luent and s tu t t e red u t t e rances o f  th e s ame words . Res u l t s  showed  
that  f luent p ro du c tions we re charac t e ri z ed by  a p r e ci s e  b a l ance in timing 
o f  the ab d u c t o ry - adducto ry P CA and the LCA mus c l es simi lar to the 
p at t e rn o f  rec i p ro ci ty that has b een obs e rved in the laryngeal mus c l e  
a c tivi ty o f  normal sp eake rs  ( Hirose  and G ay , 1 9 7 1 , 1 9 7 3 ) . Freeman and 
U shijima , howev e r ,  i nd i cated  that recip r o ci ty o f  ant agonis ti c mus c le 
activi ty was no t p r e s ent during s tu t t e ring . Dis f luenci es we re ch arac­
teri z e d  by  simul t aneous a c tivi ty o f  b o th the ad ductory and ab duc t o ry 
mus cula ture wi th a high level o f  ac tivi ty in the l a t e r a l  cricoary t enoi d .  
The leve l o f  the ac tivity o f  the LCA ( ad du c t ory ) app e ar e d  t o  b e  p o si­
tive ly corre l a t ed wi th the s everi ty o f  the b lo ck wi th ma rked decreas e  
i n  a c tivi ty accomp anying the t ermina tion o f  the b lo ck .  
Freeman and Ushij ima ( 19 7 4a )  also  compared  the EMG ac tivi ty f r om 
four intrinsic l aryng eal mus cles  o f  three s tu t t e r e rs during the f luent 
and dis f l uen t readings o f  s en t ences . Res u l t s  were  simi l a r  to  thei r  
p r evious s tudy wi th high levels  o f  b o th adducto ry and ab ducto ry 
mus c les  during s tu t t e ring . Dis f luent p roductions were charac t e ri z e d  
by  asynchro no us ac tivity b e tween t h e  adducto rs as wel l  as t h e  dis ­
rup tion i n  t h e  normal recip ro city b e tween t h e  antagonis tic ab duc t ory­
adduc t o ry mus culature . 
Dir e c t  ob s e rvation o f  the vocal  f o ld a c tivity thro ugh fib e rop ti c  
and e l e c t r omy ographi c  t echniques indi c a t es th at s t u t t e ring is charac­
t erized  by  exces sive tension and a l a ck o f  synchronous adduc to ry- ab ­
duc tory a c t ivi ty i n  the laryngeal mus culatur e . The s e  finding s lend 
s up p o r t  t o  p revious the o ries and res earch indica ting that the f o c al 
p oint  o f  di f ficulty in the smo o th coo r dina tion o f  th e respiratory , 
phona t o ry , and articulato ry sys t ems lies at the leve l o f  phona tion . 
Howeve r ,  as n o t e d  by  Ford ( 19 7 5 ) , the s e  s tudies " . . .  p rovide limi t ed 
inf o rma tion on an isolated  as p e c t  o f  s p eaking with o u t  d emons trating 
the inf luenc e of o th e r  s p e e ch p roduction event s . "  Tha t is, inf r a  o r  
s up raglo t tal articulatory o r  ae rodynamic activity may contrib ute to  
the  ob s e rved dis rup tion in the phona t o ry p ro ces s e s . This s eems like ly 
in view o f  the f a c t  that a l l  ob s e rvations in the s tudies  ci ted  ab ove 
were made during s p e e ch p ro duction requiring the p re cise timing o f  
the s e  comp lex mo t o r  activi ties . 
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Aco us ti c  s tudies h ave inves tigated the p re ci s e  timing relation­
s hip required b e tween voicing onse t and o f f s e t  ac tivi ty with sup raglo t tal 
arti cula t o ry ges tures . Sp eci fica l ly , s tudies measuring voi ce o ns e t  time 
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(VOT ) h ave iden t i f ied the t ime lag o r  le ad be�een a r t i cul a t o ry release 
and v o i cing o nse t as the cue whi ch se rves as the p r im ary d i s t i n c t i o n  
be�een vo i ced and unvo i ced co gnates ( L i s ker and Ab rams o n ,  19 6 4 ,  1 9 70 ) . 
Agnello  ( 19 7 4 )  hypo the s i ze d  that the p r imary s i te o f  d i f f i cul ty in the 
s tu t te re r  i s  at the crucial t rans i t ional b oundar ies char a c te r i ze d  by 
the p re c i se coo rdinat i on of phona t o ry onse t wi th a r t i cu l a t o ry movements  
f rom one s o und to  ano the r .  He rep o r ted the vo i ce onset  t imes and v o i ce 
term ination t ime s f o r  th ree f luent p rodu c t i ons o f  each o f  the CV and V C  
tes t  sy l l ab le s  / p a ,  b a ,  ap , and ab / .  VOTs and VTTs a s  measured o n  the 
Agne llograp h  ( 1 9 7 3 )  whi ch comb ined i n t raoral a i r  p ress u re ( indi c a t ing 
arti cul ato ry cons t r i c tion and release) and acous t i c  inf orma t i on ( vo i c ing 
onse t and o f fse t )  on spe c trograms . VOT was de f ined as the t ime f rom 
whi ch the p o i n t  o f  p res s ure makes i ts g reates t drop to the p o in t  o f  the 
f ir s t g l o t t al p u l se . VTT was the t ime f rom glo t t al  arres t ( l as t glo t t al 
pulse) to  the p o i n t  o f  maximum excur s i o n  o f  the p re s s ure t race from i ts 
b aseline . Res ul t s  indi cate d  tha t  s tu t te rers , as a group , emp loyed 
s igni f i c an t ly longe r VOTs and VTTs than the nons tut te rers during f luen t  
p ro d u c ti ons . V o i ce onset  t ime a f ter the voicele s s  conso nan t / p /  ave r­
aged 1 2  mse c . f or normal spe ake rs and 20 msec f o r  the s tu t te rers . Pho n­
ation  p receded rele ase f o r  the / b /  by an average o f  10 mse c . f o r  normal 
speakers and 7 mse c .  for the s tu t te rers . I t  should be no ted , h oweve r ,  
tha t  the value s  ob taine d  i n  this s tudy were much lowe r  than the vo i ce 
onse t t ime s f o r  no rmal speake rs rep o r ted by Liske r  and Ab rams on ( 19 6 4 , 
196 7 ) . The d i f fe re nce s i n  rep o r te d  values be tween the se s tudies may be 
a t t ributab le t o  di f fe rences in me as urement technique s  s ince Liske r  and 
Ab ram s o n  used the spectro grap h i c  i n f o rmation  f o r  the i de n t i f i c a t i o n  o f  
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b o th ar t i cu la t o ry releas e  and glo t t al o ns e t .  1.vhat  i s  imp o r t an t  to  
ob s e rve , howeve r ,  is  the r e l a t ive d i f f e rence i n  VOT and VTT b e tween the  
s tu t te ring and nons tutt ering groups  whe n  u t i l i zing the s ame meas ur ement 
p r o(edures . These results  indi cat e tha t  s tu t t e rers were s lower in 
i ni ti a t ing vo c al f o l d  vibra t ion i n  coordination wi th b as i c  ar t i cu l a t o ry 
even t s . 
Agnello , Winga t e , and Wendal l  ( 19 7 4 )  a l s o  s tudied  the VOTs o f  
normal sp eak i ng chi lcren and th os e who s tu t t e r. The ages o f  the ch i l dr en 
rang ed f rom 5 . 5  y ears t o  9 . 5  y e ars . Longer VOTs were again ob s e rved  f o r  
t h e  d i s f luen t gr o up than f o r  the ma t ched  group o f  normal s p e ake rs . I t  
was also n o t e d  that  the VOTs f o r  the  chi ldren as a group were long e r  
than th o s e  f o r  t h e  adul t s . Agnel lo ( 19 7 4 )  s ug g es t ed tha t  the  d i f f i cu l ty 
mos t likely exp e r i enced by th e s tu t t e r e r  i s  in  the clos ing down phas e o f  
the glo t t i s  during the ini t i a t i o n  o f  phona t i o n . 
The ob s e rv a t ions that s tu t terers  d emo ns t r a t e  s lowe r  VOTs and VTT s 
t han no rmal s p e akers  i s  cons i s t en t  w i th the f indings o f  Adams and Reis  
( 19 7 1 ,  19 7 4 )  th a t  s tu t t e rers  demons t rate di f f i cu l ty i n  " o f f-on" a dj us t­
men ts o f  phona t i on during s p e e ch . The asych r onies i n  adduc t o ry - ab d u c t o ry 
mus culature dur ing s tu t tering not ed by  Fr eeman and Ushij ima ( 19 7 4 )  furthe r 
s ug g e s t  that d i s r up ti on i n  mo t o r  t iming o f  the s p e e ch p ro c e s s es may 
o ri g inate i n  the v o c a l  fo lds . This d i f f i cu l ty wou ld app ear to l i e  i n  the 
s tu t t e r er ' s  inab i l i ty to smoo thly ini t i a t e  g l o t t a l  v ib ration wi thin the  
t emp oral c ons t rain ts needed f o r  s p e e ch . 
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Voice Reaction Time Studies* 
The reaction time experiment has been utilized to determine the 
speed with which an individual can initiate a predetermined behavioral 
response following the onset of a cueing stimulus. This type of experi-
ment usually involves a warning signal (in the form of a light or sound) 
preceding a stimulus cue which elicits the subject's behavioral response. 
Reaction time (RT) is chen defined as the time interval between the onset 
of the cueing stimulus and the onset of the subject's response. 
Hayden (1975) utilized a reaction time procedure to compare the 
ability of stutterers and nonstutter�rs to quickly initiate phonation 
for sentences. He had ten adult stutterers and ten matched nonstutterers 
initiate the oral reading of each of ten sentences as soon as possible 
after hearing the onset of a 1000 Hz pure tone. Each sentence >vas 
constructed such that the first word began with the syllable I /\I (i.e., 
"Almonds are nuts.11). Results indicated that the stutterers were signif-
icantly slower than the nonstutterers in initiating phonation for speech. 
Adams and Hayden (1976) attempted to identify a "direction of 
causation" relationship between stuttering and observed difficulty in 
initiation of vocal fold vibration. They speculated that the observed 
slowness in initiating phonation reported in previous studies might be 
the result of the presence of stuttering behavior such as the excessive 
tension i.n the laryngeal musculature reported by Freeman and Ushijima (1974), 
FibigeJ� (1971), and others. The opposite "direction of causation" would 
*The term voice initiation time (VIT) has been utilized inter­
changeably with voice reaction time (VRT) in a number of studies. Any 
investigation under this headi�g utilized the reaction time paradigm. 
s ug g es t that the de l ay in voi cing c au s e d  the indiv i dual  to  r ep e a t  and 
p r o l ong h i s  o ra l  ar t i cul a t o ry ges t ur e s  unt i l  a s tab le vo cal tone had 
b een ach i eved . Thus , the s low phona t o ry ini t i a t io n  would r es u l t  i n  
c omp ensa tory b eh av i o r s  ob s e rved a s  s t u t t ering . T o  i nve s t i gate  thes e 
two hyp o th e s e s  they emp loy ed a v o i c e  reac t i on t ime t as k  which was 
indep enden t o f  running s p e e ch and , p re s umedly , s tu t t er i ng . Th ey s ug­
ges te d  t ha t i f  the s lowne s s  in  o b s erved  ini t i a t i o n  of ph ona t ion was 
d ep endent on th e p r e se nce o f  s tu t t e ri ng then e l imin a t i o n  o f  s tu t tering 
f rom the t as k  should e liminate  the s lowne s s . T en adu l t  s tu t terers  and 
ten matched nons t u t t erers we re ins t ru c t e d  to  s t ar t and s to p  phonation 
o f  " ah" as q ui ckly as p o s s i b l e  upo n  hear ing a 1000 Hz  pure  t o ne cueing 
s i gnal app ear and then d i s ap p ear . The expe rimen t ers  used  the " ah" 
soun d  b as e d  on Van Riper ' s  ( 19 7 1 )  assump t ion that s tu t te ring b ehav i o r  
i s  not  like ly to o c cur wh en the indiv i dual i s  doing no thi ng mo re than 
p h onating. The p rereco rded t ones wer e p resented i n  three g roups o r  
" t ra ins" wi th three tones i n  each t rain . Each t rain cons i s t e d  o f  a 
tone , an i n t e rval , the s e cond t one , ano ther in t e rval , and the  th i r d  
tone . The leng th o f  the t ones var i e d  r andomly f rom 1 . 5  t o  4 . 5  s e conds 
whi le the s i lent  i n t e rvals r ang e d  from 1 . 5  to  2 . 5  s e conds in durat i on .  
The three r e s pons e s  f o r  each t rain were p roduced o n  o ne b re a th las ting 
approxima t e ly t h i r t ee n  s e conds . Respons e s  were r e co rded o n  an o p t i ca l  
o s ci llogr aph . Da t a  were analy zed  w i th resp e c t  t o  the s ummed value f o r  
each o f  t h e  t h r e e  t ones i n  a t r a i n  for  bo th the vo i ce ini t i ation and 
v o i c e  t e rmina t ion t imes . Res u l ts ind i cated  th a t  b o th V ITs and VTTs 
d e creas e d  f rom t rain to t rain for b o th group s of s ub j e c ts . Thi s  
p ro gr e s s ive impr ovemen t i n  r ea c t i o n  t ime s co res i s  cons is tent w i th 
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obs e rvat ions o f  o ther reac tion t ime expe riment s  demons t rating a " p rac t i c e  
e f f e c t ' '  ch ara c te r i z ed by  f as t er rea c tion t imes wi th r ep ea t ed responses 
w i th in the s ame t ask . I t  was also  o b s erved that the s tu t te rers w e r e  
s igni f i cant ly s lower than t h e  non s t u t t e re rs in b o th ini t i a t ing and 
t e rminating phonat i on . The author s interp r e t ed th e s e  r e s u l t s  as indi­
cat ing tha t the s lownes s i n  vo i c e  ini t i a t ion ab ili ty is indep endent  o f  
the p r e s ence  o f  s tu t t ering b eh av i or and may b e  a s igni f i c an t  cont rib u t i ng 
f a c t o r  in the dis rup tion o f  phona t o ry - ar ticula t o ry coordinat ion . As 
no t e d  by  the authors, however , the o b t ained r e a c t i o n  t ime values p rob ab ly 
do n o t  accurately r e f l e c t  the o p t imum voice  ini t i a t i o n  and vo i c e  t e rmina­
t io n  t imes f or e i th e r  the s tu t t ering o r  nons t u t t e ring group . Thi s  i s  
evident  i n  that b o th the VITs and VTTs wer e con t i nuing t o  d ecreas e by 
the end of the third train . A t o t al of only nine r e sp on s e s  we re e l i c i t e d  
f o r  e a ch s ubj e c t  in the s tudy . Generally , r e a c t i o n  t ime exp eriments  
u t i l i z ing s imp l e  mo tor respons es s u ch as  finger  p re s s ing h av e  indi c a t e d  
tha t r e a c t io n  t imes cont inue to d e c rease wi th up to  f i f ty to one hundred 
respo ns e s  of the s ame t ask ( hlo o dwor th and S ch losb e rg , 1 9 5 4 ) . Hor eover , 
f ac t ors s uch as anxi e ty and increas e d  ex ci t ab i l i ty , as we l l  as generali z e d  
mus c le tension h av e  b een o b s erved t o  contribute  t o  s lowe r r e a c t i o n  t ime 
s co res (Luri a ,  19 3 2 ;  Goodeno ugh , 1 9 3 4 ) . Thus , al th o ugh ove r t  s tu t t ering 
may h av e  b e en e l iminated f rom th e phona t o ry t as k  the s lower vo i c e  ini­
t i a t i o n  t imes for the s tut t e r ers  migh t  hav e  b ee n  due t o  s i tuational 
anxi e ty as s o c i a t e d  wi th the t as k .  
S t ark\.;reathe r ,  Hirshman , and Tennenb aum ( 19 7 6 )  inves tivated the 
hyp o th e s i s  th a t  the s low phona t o ry reac tion t imes for s tu t t er e rs may b e  
a t t r ib u t ab l e  t o  d i s p ar i t i es i n  the audi t o ry f e e db a ck o f  s p e e ch r e s u l ting 
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from imp r op er ly func t i oning mi ddle-ear  mus c l e s  as h as b ee n  hypo thes i z ed 
by  W ebs ter  ( 1 9 7 4 ) . I ns t ead o f  us i ng an audi t o ry cue to e l i c i t  phonat i o n  
they h ad e leven s tu t t erers and ma t ched  cont ro l s  p roduce a s  q u i ck ly as 
p o s s ib le twen ty- s i x  di f f erent  mo no s y l l ab les and b i s y l l ab l es fo l lowing a 
v isual cuei ng s t imulus . Thr e e  t r i a l s  were  g iven wi th e a ch s y l l ab l e  
app e aring once i n  each tr i al . Res u l ts i ndicated  that s t ut t e rers were  
s l owe r than the nons tut terers  b y  an  ave r age of  6 5  mse c .  i n  i ni t i a t ing 
vocali z a t ion across  the wide vari e ty of s y l l ab les . A p r a c t i c e  e f f e c t  
s imi lar t o  Adams and Hayden ( 19 7 6 )  was ob s erved f o r  b o th the s tu t t e r i ng 
and nons t u t tering groups wi th v o i c e  i ni ti at i on t imes p ro g re s s iv e ly 
de cr eas i ng w i th increased numb e r  o f  responses . Mo reover , the mean 
i ni tiation  time o f  the s tu t t erers p ro g r es s iv e ly app roxima t ed that o f  
the nons t u t t e rers . No s igni f i cant di f f e rence was ob s e rved b e tween 
t ri al s  II and I I I  f o r  th e non s tu t tering gro up . Thi s  wou l d  sugges t 
that the nons tut t e r e rs app ro a ched  thei r  o p t imum voi c e  ini t i a tion time 
ab i l i ty by th e end o f  the s e cond t ri a l . The s tu t t e re rs , h oweve r ,  c on­
t inued to s i gni f i c an t ly de creas e their  i n i t i a t i on t imes th rough trial  I I I . 
Thus , i t  would ap p e ar that the s tu t t e rers we re cont i nuing to  d e c reas e 
their reaction  times at a di f f eren t rate  th an the nons t u t t e rers and that 
the values do no t f u l ly re f le c t  the o p t imum phonat ory cap ab i l i ty o f  the 
dis f luent g ro up . I f  all cont rib u t ing s tu t tering b ehav i or had b een 
e l iminated by  the nature of  the t as k , as Ad ams and Hay d en assumed , then 
the ov e ral l shape o f  the " p ra c t i ce" or "adap tation"  curves s houl d  h ave 
b e en s imi l ar for b o th the s tu t t e re rs and the no ns t u t t e rers . S t ark­
weat he r ,  e t  al . interp reted  the i r  r e s u l t s  as s ug ge s t ing th at audi t o ry 
dy s f unc tion was not  a cause  f o r  the s lowe r  vo i ce ini tia t i on t imes i n  
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s tut terers . Th ey further sugges t e d  that central f ac to rs s u ch as a l ack 
o f  c e reb ral dominan c e  migh t  be resp ons ib l e  f o r  the s e  d i f f erences . 
Cro s s  and Shadden ( 1 9 7 7 )  i nv e s t igated  th e p honatory reaction t imes 
of t en adu l t  s tu t terers and ten ma t ch e d  nons t u t t e rers as a func t io n  o f  
whi ch ear received the aud i to ry s t imulus cue . S ub j e cts responded t o  
the ons e t  o f  a 4000 H z  pure t one b y  phona ting t h e  n e u t r a l  v owe l / /\ / 
as qui ckly as p o s s ible  wi th " natural lou dness and e f fo r t . "  The tones 
were p resented  to each e ar s eparately , alter na ting  b ack and f o r th . A 
total  o f  one hundred tones was pres ented to e ach s ub j e c t  i n  f ive s e t s  
w i th twenty t ones i n  each s e t . There was a two minu t e  res t p e ri o d  
b e twe en each s e t. Re sults  indicated  tha t  the r e  was n o  s igni f i can t  
d i f f e rence i n  reac t i on t imes w i th resp e c t  t o  whi ch e ar r e ceived the 
cuei ng s timulus . B e tween g ro up comp a r i s o ns r evealed  th at  the mean vo i c e  
reaction times were s i gni f i cant ly longe r w i th a greater  deg ree o f  r es pons e 
v ari ab i l i ty fo r the s tut t e rers than the nons t u t t e re rs . The s e  s lowe r and 
more vari ab le reac tion  t imes we re obs e rved f o r  e ach o f  the f iv e  s e ts o f  
resp ons es . Ho reover , no s igni f i cant d i f f e rences i n  mean reaction t imes  
we re ob s e rv e d  b e tween any comb inat ion o f  sets  f o r  ei the r  the  s t u t ter ing 
o r  th e nons t u t t e ring group . I t  thus app eared  th a t  b o th g ro up s  o f  s ub -
j e c t s  app r oxima te d  the i r  o p timum reaction time f o r  the expe riment b y  
the conclus i on o f  the f i r s t  s e t  of  resp ons es . The r e s u l t s  o f  this 
s tudy app e ar to i nd i c ate more conclus i v e ly th at  adu l t  s tu t t e rers ar e 
g eneral ly s lowe r  and more var i ab le than nons tut t e r e rs in  ini t i at ing 
v o i c ing and that thi s  d elay i s  ob s erved when o p e ra t ing at  what app e ars 
to be an op timal cap ab i l i ty f o r  a b as i c  phona t o ry t ask . 
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S ummary o f  Phy s i o l o g i cal-Aero dynam i c  C o r r e l a t es o f  �t u t t ering 
A s umma ry o f  the s tudies inves t i g a t ing the phy s i o l o g ical- aer o dynami c 
correlates  o f  s tu t t ering i n di ca t e s that s tu t t e r i ng i s  char a c t er i z ed b y  a 
d i s coordina t i on o f  the t iming r e la t i onship b e tween the r e s p i rato ry , 
phona to ry , and a r t i culatory p ro c e s s es f o r  s p e e ch p ro d u c t i on . The s e  s tudi es  
sugges t that the f o cal point  of  d i f f i cu l ty f o r  the s tu t t e rer migh t be  i n  
h i s  ab i l i ty t o  cons i s tent ly make t h e  q u i ck adjus tmen t s  in  t h e  phona t ory 
mechanism needed  for f luent  s p eech p ro du c t io n . S p e ci f i cal ly , s tu t te rers 
app e a r  s lm.;re r  and more v ar i ab l e  th an nons tutterers  in  their ab i l i ty to  
ini t i a t e  phona t i on . 
V o i c e  o ns e t  t ime s tudies  hav e  indicated  that s tu t t e rers  are  s lower 
than nons t u t t e re rs in  i ni t i a ting voi cing in conjunc t i o n  w i th s up raglo t ta l  
a r t i culatory re l eas e f rom co nsonan t s . V o i c e  reaction  t ime ( o r  "vo i ce 
ini t ia t ion t ime ' ' ) s tudi es have indi c a t e d  that s tu t t e rers  are s lowe r than 
nons t u t t e rers in t h e i r  ab i l i ty to i ni t i a t e  v o i cing i ndep end ent of s up ra­
glo t tal a r t i culatory movements and ove r t  s t u t t ering b eh av i o r . Adams and 
Hayden ( 19 7 6 )  ob s e rv e d  that  s tu t t e rers h ad s lowe r  v o i c e  reaction  t imes 
than nons t u t t e rers  wh en ini t i a ting phona t ion for an i s o l a t e d  vowe l .  S ince 
s tu t t erers ' vo i ce re action times were s lowe r than the nons t u t t e r e rs i nde­
p endent o f  ob s ervab l e  s tu t t e ring b ehavio r ,  the autho rs p roposed  that 
s tut te ring r es u l ts f rom the d i s rup t io n  in t iming of  the s p e e ch p ro d u c t i on 
events  o ri ginat ing f r om the delay in vo i c ing o ns e t .  Th i s  d e l ay s up­
p o s ed ly c aus es  the indivi dual to repeat  o r  p ro long a r t i culatory mov ements 
whi le a t temp t i ng t o  es tab li s h  a s t ab le glo t t al  tone for v o i cing . 
I t  i s  d i f f i cu l t  to assume f rom the s e  v o i c e  reaction  t ime s tudies  
tha t the  d e lay i n  v o i cing p r e ci p i tates  s tut t e ring s ince e ach o f  th e 
2 4  
exp e rimen t s  us e d  o n ly adu l t  s ubje c t s . Al though s tu t t ering may hav e  b een 
s up p o s e d ly e l imina ted  from the respons e t as k , o th e r  f a c t o r s  r es u l t ing 
f rom the individua l ' s  his t ory o f  s tu t t e ri ng d eve lopme n t  may h av e  con­
t ributed  to  s low initiation  o f  voi cing . 
From s tudies inves t i ga t ing development a l  p a t te rns o f  s tut t e ring, 
i t  app e a rs tha t  the f ea tures o f  s tu t t er ing are  acqui red thro u gh a p ro ce s s  
o f  d eve lopment whi ch typ i cal ly b egins i n  ea r ly ch i l dh o o d  b e t�..reen t h e  ages 
o f  two and s ix years (Mo rley , 1 9 5 7 ;  And rew and Harris, 1 9 6 4 ) . S tu t t e ri ng 
o b s e rved in i ts earlies t fo rm s eems t o  d i f f er f rom that ch arac t e ri s ti cal ly 
found in o lder ch i ld ren and adul t s . B lueme l ( 19 32 )  f i r s t  di f f e rentiated  
b e tween " p rima ry " and " s e condary"  s tu t tering b as e d  o n  s ymp t oms e xh ib i t e d  
by s tutt erers when they wer e  jus t b e gi nning to s t ut t e r  a s  comp ar e d  t o  
t h e  s ymp toms in i ts advanced form.  B lueme l ch arac t er i z ed " p r imary " 
s tu t t ering a s  the easy rep e t i t i on o f  the f i rs t wo rd or s y l lab le  o f  a 
sent ence unaccomp ani ed by  s igns o f  e f f o r t  o r  emo t ional reac t i on . " S e c­
o ndary "  s t u t tering , howeve r ,  was d e f i ne d  as " . . .  the chi l d ' s  cons cio us­
nes s o f  h i s  imp ediment , phy s i cal e f f o r t, the  us e of  s t ar t ers , syno nyms 
and o ther a t t emp t s  to con t ro l  or co nc eal  s tu t ter ing . "  V an Rip er ( 19 6 3 )  
adde d a " t ransi tiona l" s t age t o  B lueme l ' s  c las s i f i c a t i o n  i n  an a t t emp t 
t o  mo re f u l ly des c ri b e  the deve lopment f rom p r imary t o  s e condary s tu t t er ing . 
Bloods tein ( 19 6 0 )  des cr ib e d  f our maj o r  phas es o f  s tu t t e ring d ev e lop­
men t . H i s  clas s i f i c a ti ons we r e  b as ed upon o b s e rv a t ion o f  4 1 8  s tu t t e r er s , 
aged 2- 16 y e ars . The c r i t e r i a  i denti fying a ch i l d  as b elonging t o  a 
p a r t i cular  phas e i nc lude ana ly s is o f  b o th h is ove r t  s p e e ch charac t e r is t i c s  
and the react ion h e  h a s  to  sp eaking . Gener a l ly, t h e  e a r ly phas e  o f  s tu t­
t er ing ( p re s cho o l  years ) is  ch ar a c t e r i z e d  by  easy rep e t i t ions o f  s y l lab les  
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and nons y l l ab i c  words wi th few hard contacts  and tens i on .  The se chi l dre n  
dis p l ay l i t t le o r  no emo t io nal re a c t i o n  o f  fe ar or emb arrassme n t  a s  a 
s tu t te re r  and s pe ak f ree ly i n  al l s i tua tions . Late r deve lopme n t  o f  
s tu t te ring i s  ch arac te r i ze d  b y  mo re h a rd co n t a c t s  o r  asso ciated s t ruggle 
behav i o rs o c curring with the b lo ck s . I ncreas ing mvare ne s s  o n  the p a r t  
o f  the chi ld as b e i ng a s tu t te re r  is  a l s o  obse rve d .  By the four th ph ase 
of s tut te r i ng the chi l d  has f u l ly deve lope d s ymp toma to logy ch aracte rized 
by  tens ion  and s t ruggle w i th b lo cks , avo i d ance of  p a r t i c u lar s o unds , 
wo rds , and s pe aking s i tuations , p o s tponeme n t , and s t ar t ing and re le as i ng 
dev i ce s . The ch i l d  has deve lope d v ivid and con t i nual ant i ci p a t i o n  o f  
s t u t te ri ng and demo ns t rate s  de f in i te emo t ional rea c t i o ns s u ch as fe ar 
or e mb arr assme n t . Obvious ly , deve lopme ntal  p a t te rns of s tu t te r i ng 
re p or te d  are no t al l i nc lus ive and i ndepe nde n t ly d i s t ingu i s h ab le from 
one ano the r .  Wha t  i s  imp o r t ant f rom the se s tudie s , h owe ve r , is the 
obse rva t i o n  tha t  s tu t te ring is a nons t a t i c ,  ch ang ing behav i o r . F u l ly 
deve lope d s tu t te ri ng obse rve d i n  the o lde r ch i l d  and adu l t  is  o f te n  
dis t i nguishab le f r o m  i ts e ar ly f o rm b y  incre ase d mus c le tens ion , s tr ug g le , 
ant i cipa tio n ,  and s t rong emo t io nal re action o n  the p a r t  o f  the s t ut te re r  
t o  s pe aki ng . 
The s low v o i ce re act i on time s o b se rve d f o r  adu l t  s tu t te re r s  may 
be a t trib u te d  to a numbe r o f  f ac to rs .  For examp le , the s low initi ation 
t ime s may re s u l t  f rom an indivi dual's h i s to ry of  s tu t te r ing deve lopme n t  
character ized  no t o nly by  o ve r t  s t u t te r ing behav i o r  b u t  a l s o  b y  a 
le arne d  anti cip a tory fe ar o f  spe aking . Thi s le arne d fe ar and re s u l t i ng 
mus c le te ns ion may also h ave ge ne ra l i ze d  to o the r spee ch re late d  s i tua­
ti o ns as we l l , s uch as s imp ly p honat i ng unde r the p re s s u re d  invo lve d  i n  
2 6  
a r eac t i o n  t ask . O n  the o ther hand , the s lo\v vo i ce reac t i o n  t imes may 
hav e  b een p r es en t  during the early p e r i o d  o f  mo t o r  s p e e ch developme n t . 
I f  th i s  la t te r  as s ump tion i s  corre c t , the  s low vo i c e  ini t i a tion ab i l i ty 
may o ri g ina l ly contribute to  d i s rup t i o n  in the chi l d ' s  ab i l i ty to  ac­
cura tely time the r es p i r at o ry , ph onatory , and ar t i cula t o ry p ro ce s s e s  
needed f o r  f luent s p e e ch p ro du c t i on .  The s e  two exp l anations  mi gh t  b e  
t es ted  b y  comp ar ing the deve lopmen t al p a t t erns o f  vo i ce reaction  t ime 
f o r  s tut ter ers and nons tut t er e rs at d i f f erent age leve l s . The age level 
whe r e  the s low vo i ce ini t i a ti o n  t imes b e come app arent may p rovi d e  i nf o r­
ma tion as t o  i ts re l a t i onship wi th the o ns e t  and deve lopment o f  
s tu t ter i ng . 
Comp o nen t s  of Mo t o r  Rea c t ion Time 
The r ea c tion t ime p aradigm invo lv es the q uant i ta t ive meas uremen t 
o f  the t ime d i f f eren t ial b e tween the o n s e t  o f  a uni form s t imulus and 
the i ni t i a t i o n  o f  a s ingle b eh avioral  respons e . Th i s  to t al response  
la t ency i s  b as ed o n  the  t iming r e l a t ionship among s everal neurophy s io­
log i cal events . Rea c tion t ime (RT )  may b e  div i d e d  into  two f undament al 
comp onent p r o c es s es : ( 1 )  neural r es pons e t ime (NRT ) , and ( 2 )  mechani cal 
r es pons e  t ime (:t-1RT ) . The NRT i s  charac t eri zed  as the lat ency of neural 
imp u l s e  tr ansm i s s i o n  from the ons e t of the extern a l  s timulus to  the 
arr ival of the e f f e r ent  mo t o r  comman d  a t  th e mus c l e  i d en ti f i ed by  the 
ini t i a t i o n  of the mus cle action  p o tenti al . The mechanical  r es p ons e 
t ime i s  the l a tency b e tween the ons e t  o f  mus c l e  a c t iv i ty and the 
ini t i at ion of the overt  r es p ons e as d e fined by  exp erimental des ign . 
Th e neural res p ons e p r o ces s e s  may b e  fur th e r  s ub divi d e d  i n t o  
three  s eq ue n t i al events i nv o lving s ens o ry i np u t , c e n t r a l  p ro c e s s ing , 
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and motor  o u t pu t . The s ens ory t ime ( S T )  i s  the late ncy o f  af feren t 
neur al imp u l s e  tr ansmission f r om the ini tiation o f  the ex t ernal s timul us 
i n  th e p eriph e ry t o  the ons e t  o f  the co r resp onding evoked p o t ential in 
the s ensory c o r t e x . Ho t o r  time (MT ) is the time b e tween the e l e c t ri c a l  
dis charge in t h e  mo t o r  c o r t ex to  t h e  arrival o f  t h e  e f f er en t  neur al 
impu ls es at the mus cle . C en t r a l  p r o c e s sing time ( CPT ) , th en is the 
res u l ting laten cy b e tween th e a r rival o f  the a f f erent s enso ry imp u ls e 
and the ini tia tion o f  the mo t o r  command . Since neural reaction time is  
b as ed o n  the s eq uential o ccurrence o f  the se  p ro c e s s es i n  time , the  
timing relationship b e tween them is  addi tive and may be  exp res s ed as  
NRT = ST + CP T + HT ( Bo twinick and Thomp s o n ,  1 9 6 6 ) . Bo th the s ens o ry 
and m o t o r  p r o c es s es are acces sib l e  to  quanti t ative l ab o rato ry inves ti­
gation wh ereas the media ting p e r cep tual-mo tor  int egra tion sys tem involved 
i n  central p ro c es sing i s  no t and is  o f ten times l e f t t o  inves t i g a t iv e  
inference . The relative time invo lved i n  central p ro ces si ng f o r  a given 
r e a c tion t as k , how ev e r , can be de rived f rom the f o rmul a  whe r e  CPT 
N RT - ( ST + MT ) . B as e d  fur ther on the overall  addi tivi ty of the r e s p on s e  
p r o c e s s e s  the to t al reaction time can b e  exp res s ed a s  R T  = (ST  + CPT + MT ) + 
HRT . 
The l o cus o f  v ar i ation fo r simp le motor  r eac tion t as ks fo r the 
normal s ub j e c t  h as b e en i nve s tigat ed t o  d e t e rmine whi ch comp onent o f  
the n eur ophy siological  sys tem invo lved in RT accoun ts f o r  variatio n 
i n  r e a c tion time . Weiss  ( 1 9 6 5 )  f or examp le , i nves tiga t ed th e mech anical 
r esp ons e time and neural r es p ons e time for a finge r lif t resp ons e to  
audi to ry s timu li as  a f unc tio n  of the p rep ari t o ry inte rval (P I ) . H e  
repo r ted t h a t  o f  the av erage to t a l  R T  o f  20 0 ms e c. , 140  ms e c .  were  
accountab le f o r  NRT whi le 6 0  ms e c .  i nvo lved me chani c a l  res p ons e  t ime . 
We i s s  a l s o  reported tha t  t he MRT showed l i t t le o r  no variat i on across  
respons e s  and was no t fun c ti onally r e l a t ed t o  var i a t i on i n  e i the r the 
t o tal RT or  the P I . The neural  resp ons e t ime ,  h owever , was i n  the 
s ame func t i onal r e lation to  PI  as  was RT . Wei s s  co ncluded tha t  
v ar i a t io n  i n  reac t i on time w as func t i onal ly related  t o  t h e  P I  and 
could be a t t r ib u te d  p r ima ri ly to cen t ral p ro ces s i ng chara c te ri z ed b y  
t h e  s ubje c t' s  s t ates  o f  exp e c t ancy o r  r eadines s to respond . B o twini ck 
and Thomp s o n  ( 1 9 6 6 )  repo r ted s imi l a r  res u l t s  whe r e  the v ar i ance in th e 
N RT f o r  f ing e r  l i f t  resp ons e was s i gn i f i can t ly l onger th an tha t  f o r  
the me chani cal  response t ime . Neural response t imes we re als o h i gh ly 
correlated  w i th b o th the P I  and th e to t al rea c t i o n  t ime ( r  = . 9 6 )  
whi l e  me ch ani cal resp onse t ime an d RT were no t ( r  = . 10 ) . 
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Al tho ugh these  s tudies i ndic ate  that vari a t i o n  in reac t i on t ime 
f o r  the normal s ubje c t  is fun c t i ona l ly r e lated  to  p remo tori c p ro c e s s e s , 
there i s  s ti l l a dis tinction to b e  made b e tween the relative cont ri­
b u tion o f  cen t ral p roces s i ng and s e ns o ry-mo t o r  t r ansmis s io n  f ac t o rs . 
B o th the senso ry t ime and mo t o r  t ime f o r  s imp le reac t i on t as ks h av e  
b e en i nves tigated  and indi c a t e  tha t ,  g iven a uni f o rm s t imulus cue ,  
nei ther S T  or HT contrib u t e  to varian c e  i n  reaction t ime ( N e t s e l l  and 
D ani e l , 19 7 4 ; Ev ar ts , 1 9 6 6 ) . The sens o ry time i n  thes e  s tu d i es fo r 
s imp l e  reac t i on t asks to audi t o ry s timuli  ranged f rom 3 0  to  3 5  ms e c . 
whi le mo t o r  time varied b e tween 3 5  and 40 ms e c . Ne i th e r  ST nor MT 
were shown to corre la te w i th v ar i a t i o n  in the to t al reaction  time . 
The remaining t ime s pent  in central  p rocess i ng , h owever , was app roxi­
ma t e ly 60  to  70 ms e c .  accounting f o r  app roxima t e ly o ne- th i rd o f  th e  
t o tal reac t i on time and was h i gh ly corre lated wi th RT . 
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D ev e lopment o f  Mo t o r  Rea c tion Time 
S everal  inves tigators  have s tudied th e deve lopment o f  simp l e  mo t o r  
resp onse time i n  chi ldren (Luria , 1 9 3 2 ; Bellis , 19 3 7 ; Goodenough , 19 3 7 ; 
J ones , 1 9 3 7 ; Woo dwor th and S ch l o s b erg , 19 5 4 ;  C zudner and Rourke , 1 9 7 2 ; 
Rourke and C zudner , 19 7 2 ;  and E l lio t t , 19 7 0 ) . Goodeno ugh ( 1 9 3 7 )  f o r  
examp l e ,  inves ti g a t ed chang es  i n  a m o t o r  reaction time task a s  a f un c tion 
of age , s ex ,  inte l ligence , and s o cioeconomic s t a tus . Two hundr e d  
f o r ty- six chi ldren ranging f rom two -and- a-ha l f  t o  e leven- and-a-half  y ears 
of  age and 56  c o l le g e  s tuden t s  s erved as sub j e c ts . Ea ch s ub j ec t  was 
asked to r esp ond to  the ons e t  o f  a b u z z e r  whi ch ini tiated  an e l e c t roni c  
c l o ck b y  dep r e s s ing a finger key a s  q uickly a s  p o s sib le .  Twen ty resp o ns es 
wer e made by each s ubj e c t .  C or r e l a tions b e tween i nt e l ligence and r eac tion 
time were b as ed on s cores f r om th e Minnes o ta P r e s chool  Tes ts , the Merri l l­
Palmer T es ts , the Ar ther P e r f orman ce S c ale , or the S t anf o r d  Bine t . Resul t s  
indi c a t ed t h a t  a regular , p rogressive de crease in t h e  medi an reaction time 
was obs erved b e tween all  ag e l evels . At thr ee-and-a-h a l f  y e ars o f  age 
the ave rag e chi l d ' s  r ea c tion times were 3 4 . 9  p er c ent  of the adu l t  s p eed . 
A s ub s t an tial decreas e in the intras ub j e c t  r e a c ti on time v ari abi li ty was 
also ob s e rved I.Ji th increasing ag e .  This decrease in vari abil i ty was much 
more marked than the imp r ovement in ave rage s p ee d . S ligh t s ex di f f e r ences 
were ob s erved f o r  b o th the median r e a c tion times and the in tras ub j e c t  
v ariabili ty . A l th ough di f f er ences were sma l l  wi th much overlap ping b e tween 
the s exes , the males wer e g e nera lly f as t er wi th lower v ariabi li ty th an 
the f emales a t  all  age levels . Thes e s ex dif f erences are consis ten t wi th 
the findings o f  B e l lis ( 19 3 1 )  and Luri a ( 19 3 2 ) . L i t t l e  or no c o r r e l ation 
was ob s e rved b e tween inte l li g ence and reacti on time s up p o r tive of simi lar 
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f indings by  Far nswo r th ,  S eas ho r e , and T inkers ( 1 9 2 7 ) . Als o , compar i s on 
o f  the median r e ac t ion s p e e d  o f  chi l d r en f rom the up p er s o c i o economi c 
c las ses w i th that o f  ch i ldren f r om the lower s o cial  c l as s es r ev e al ed no 
c ons is tent d i f f e rences b e tween group s . The au tho rs , howev e r , g av e  no 
i nd i ca t i o n  as t o  how they d e f ined s o c i o e conom i c  level in th eir  s tudy . 
A s imilar p a t t ern o f  d e c r eas ing reac tion t ime w i th age was r e p o r ted  
by  J ones ( 1 9 3 7 )  who  observed s i gni f i can t  decreas es i n  mean r e ac ti on t ime 
o f  200  ch i ld ren i n  g r ad es 6 to  1 0  when p er f o rming a f ing er p ress ing task 
in r es p ons e  t o  an aud i t o ry s t imulus cue . The d a t a  als o revealed ma rked 
g ains i n  r e a c t i o n  t ime s p eed f rom 4 . 5  y e ars thro ugh th e p re adoles cen t 
p er i o d  wh en a s l ower  r a t e  o f  imp rovemen t in e a r ly ado les cents and o nly 
s light gains af ter 1 2 . 5  years o f  ag e . 
More r e c e n t  s tudi es h av e  suppo r t ed ear l i e r  f indi ng s  that r e a c t i o n  
t ime d e c re as es wi th age . C zudner and Rourke ( 1 9 7 2 )  and Rou rke and 
C zudner ( 1 9 7 2 )  f o und that r e a c t ion t imes of "y oung" ( 6- 9  y ears )  chi ld r en 
were s i gn i f i can t ly s lower than "o ld" ( 10- 1 3  y e ars ) chi ld r en o n  a f ing e r  
p ress ing r e a c tion t as k  using b o th aud i to ry and v i s u a l  s timulus cues . 
S imi l ar r e s u l t s  were  ob tained by  E l l i o t t  ( 1 9 7 0 )  wh o r e p o r t e d  the r e ac t i on 
t imes o f  2 1 6  ch i ldren b e tween the ag es o f  5 and 1 3  years and 72  young 
adul ts . S i gni f i c an t  di f f erences were rep o r ted among the age groups wi th 
r eac tion time d e c r e as ing w i th inc reas ing age . 
Th e r e s u l t s  o f  th e s e  s tudi es ind i cate  that the s p e e d  w i th wh i ch an 
individual can resp ond to ei ther  an aud i tory or v i s ual cue wi th a s imp le 
mo t o r  task increases  wi th age app r oximat ing adul t l ike p a t t e rns by  ab out  
11  to 1 2  y e ars of  ag e .  The intrasub j e c t  reac t i o n  t ime v a r i ab i l i ty i s  
als o obs erved t o  d e c rease ma rkedly wi th increas i ng a g e  and o f ten t imes 
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i s  mor e p rono unced than the a c tual d e cr eas e i n  the speed  o f  the r e a c t i o n  
t ime i ts el f . The p a t t ern o f  f as t er , more s t ab le r ea c t i on t ime ab i li ty 
w i th i ncr e as ed age appears to p ar a l l e l  the d eve lopment o f  mo tor  s p e e ch 
contro l . 
Normal P a t te rns o f  Mo tor S p e e ch Deve lopment 
Ken t  ( 19 7 6 )  s umma r i z e d  the acous t i c  l i tera ture inves t i ga t i ng the 
anat omi cal  and neuromus cular development o f  the  s p e e ch mechanism . S t udi es 
h ave b een conce rned p r ima r i ly w i th i den t i fy i ng maturat i onal p a t t e rns 
ass o ci ated w i th changes in fundamental  f requency (Fo ) , forman t  p a t t er ns 
o f  vocal i c  s ound s , and t emp oral  p r o p e r t i e s  o f  s p e e ch , s uch as v o i c e  ons e t  
t ime (VOT ) . 
A r eview o f  s tudies i nv es t ig a t i ng relat ive v alues o f  f undame n t a l  
frequen cy i nd i c at es a d ev el opmental  p a t tern wi th age . Gener ally , i t  h as 
been f ound that Fo i n cr eas es f rom ab out the third we ek o f  l i f e  t o  four 
months , whe r e  i t  s tab i l i z es for a p eriod  o f  app roxima te ly f ive months 
(Pr es co t t , 1 9 7 5 ) . A sharp d e creas e  is then obs erved for bo th males and 
f emales f rom ab out th e f i rs t to t he third  year o f  l i f e  (HcGlone , 1 9 6 6 ; 
V an O o r d t  and Dros t ,  1 9 6 3 ) . Thi s  decreas e  i s  f o l lowed by a mo re gr adua l 
reduc t i on i n  F o  f rom ab out three y e ars to the ons e t  o f  pub e r ty at e leven 
or  twe lve ye ars of age (McGl one and McGlone , 1 9 7 2 ) . Charac t eri s t i cal ly , 
nond i s t i nguishab l e  d i f f erences i n  th e F o  are ob s erv ed b e tween s exes f rom 
b i r th unti l ap p roxima tely 1 1  to 13 y ears of ag e ( F a i rb anks , 1 9 49 a ,  1 9 4 9b ) ; 
h owever , upo n  en tering pub e r ty the Fo  f o r  f emales app ears to s t ab i l i z e 
( Ho l l i en and P au l , 1 9 6 9 ) whi l e  males fur ther r educe their values by 
appr oxima t ely one mo re o c tave unti l ab out s event een to eight een y e a rs o f  
age ( Curry , 1 9 4 0 ; Ho l l i en and Malcik , 1 9 6 7 ;  Hol l ien and P aul , 1 9 6 9 ) . 
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G enerally , tl1e d e c r eas e in  Fo from inf ancy t o  adul thood  i s  app roximat e ly 
o ne o c t ave f o r  f emales and on the o rder o f  two o c t aves f o r  males . The 
mos t rapi d  chang es i n Fo o c cur dur ing the f i r s t f o ur mon th s , one  to  thr e e  
y e ars f o r  b o th males and f emales , and ag ain b e tween thir teen and s even­
t een y e ars f o r  ma les . This deve lopment a l  change i n  f undamen t al f r equency 
i s  cons i s tent  w i th the p a t tern o f  laryngeal growth r ep o r t e d  b y  Kap l an 
( 19 6 0 ) , who o b s erved that laryngeal  g rowth o c curs p rimari ly during the 
f irs t three y e ars  o f  l i f e  and during puberty . 
As we l l  as i de n t i f y i ng the r e l a t iv e  v alues o f  F o  as a fun c t i o n  o f  
age , Eguch i  and H i r s h  ( 19 6 9 )  i d e nt i f ie d  p a t t e rns o f  i ntrasub j e c t vari­
ab i l i ty for fundamental f r equency . Analy s i s  o f  Fo  and int ras ub j e c t  
variab il i ty w as made f rom s p e c t ro g r ams o f  8 4  chi l dr en rangi ng i n  age 
f rom thre e to  thi r t e en years a t  one-year  i n t e rvals . Each s ub j e c t  r e p e a t e d  
t h e  two s en tences " He h as a b lu e  p en" and " I  am tall"  f ive t imes w i th 
acous t i c  me as urement t aken f o r  the vowels  / i , � ,  u ,  e ,  a ,  and ::) / .  
I n tras ub j e c t  v ar i ab i l i ty was d e te rmined wi th r es p e c t  to s t andard dev i a­
t ions f o r  Fo  measuremen ts f o r  each ag e group . Resul ts ind i ca t e d  p a t t e rns 
o f  de creas i ng Fo s im i l ar to tho s e  rep o r t e d  in p r ev i ous s tudi es . I t  was 
als o obs erved , however , that int rasub j  e c t  v ar i ab i l i ty decreas e d  wi th 
increas i ng age unt i l  app roxima t ely ten or twe lve y e ars . The three y e ar 
olds showed a s t andard dev i a t i on o f  abou t 40  Hz d e cr eas i ng to  a m inimum 
value o f  1 2  H z  a t  t en o r  twe lv e . L i t tle or no de creas e in var i ab i l i ty 
was ob s e rved  a f t e r  this age . I t  wou l d  app ear ,  th en , that the d e c r e as e  
i n  F o  var i ab i li ty wi th age r e f l e c ts a p a t t e rn o f  laryng eal accuracy and 
cont rol  f o r  vowe ls which imp roves continuo us ly over a p e r i o d  of s even 
to  nine ye ars . 
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P e ter s on and B arney ( 19 5 2 )  were f i rs t t o  i nv e s tigate  the s p e c t ro ­
graphi c analy s i s  o f  t h e  f o rm an t  p a t t e rns o f  men , women , and chi l d r en . 
Analy ses  were made f rom a to t a l  o f  1 5 20 wo rds con t aining the vowe l s  
/ i ,  I ,  e , ce , q  , 'J  , v , u , f\ , S / p r o d u ced b y  7 6  s p e akers . Res u l t s  
indicated  t h a t  t h e  f o rmant f requen cy values f or chi ldren w e r e  h i gher  
than th ose  o f  the  adul t  f emales , wi th the adu l t  males  h av ing the  lowes t 
v alue s . The au thor s concluded that s p e c i f i c  vowel p er cep t ion is no t 
dep endent o n  an exact  f o rman t freq u ency value f o r  a l l  s ub j e c t s  b u t  i s  
dep endent o n  the r a t i o  o f  one f o rmant to  ano the r .  The s p e ci f i c  fo rman t 
v al ue s  for  each s ub j e ct were dep endent more upo n  the r e l a tive s i ze o f  
the vocal  t r a c t  o f  each individual s p eaker as we l l  as on the fundamen t a l  
f requency . 
F ew s tudi e s , however , h ave inves tigat ed i n t r as ubj e c t  vari ab i li ty 
f o r  f o rman t f requency values . Eguchi and Hirsh  ( 19 6 9 )  s ugges t e d  th a t  
t h e  meas uremen t o f  f o rmant vari ab i l i ty may s e rve a s  a n  index o f  repeat­
abi l i ty o f  p r e c i s e  arti culat ory ges t u r i ng dur ing the p ro d u c t ion o f  vow e l  
s o und s . F rom the acous t i c  d a t a  rep o r t ed in the p revious s e c t ion they 
calculated the me an v alues and intrasub j e ct s t andard d evi a t i o ns f o r  
fo rman t one ( F l )  and formant two ( F 2 )  f o r  the f iv e  vowels p roduced i n  
t h e  two sentences . Each sentence w as r ep ea te d  f ive t ime s by  each s ub j e c t . 
Res u l t s  i ndi c a t ed - a  s teady decreas e i n  the s t andard dev i a t i o ns o f  F l  and 
F 2  from appr oxima t e ly the age o f  three to e leve n  ye ars . Thi s  decrease in 
f o rman t var i ab i l i ty was  o b s e rved f o r  b o th the ab s o l u t e  values  of  the  
f o rm ants  and the r a t i o  of  e ach SD  t o  i ts only mean . The authors p ro p o s e d  
t h a t  the o b s e rved greater f o rmant variab i l i ty a t  t h e  younger age levels 
is due t o  ina c curate p o s i t i on i ng of the ar t i culat ors f or the s ame vowe ls 
i n  r ep e t i t i on o f  the s ame s ent en ces . The increased  a c cu racy o f  a r t i cu­
l a tory mov emen t s  w i th age , then , migh t  b e  a t t r i b u t e d  to the developme n t  
o f  the chi l d ' s  neur omus cular p r o ce s s es f o r  s p e e ch p ro du c t i o n .  
Halo t and S chnei de rman ( 1 9 7 6 )  ob tained s imil ar r e s u l ts when i nves­
t i g a ting the variab i li ty in the  p ro duc t ion of  Fl  and F2  of  s p e ci f i c  vowels  
i n  a eve con t ex t .  O ne hundr ed and twe lve ch i ld r en r anging i n  ag e f rom 
thr e e  to nine y e ar s  at one-y ear int erva l s  and a d u l t s  s e rv e d  as s ub j e c ts . 
A single word p i c ture  naming t as k  Has u t i l i z e d  for the p ro du ction o f  each 
o f  the vowe l s  I i ,  ·?f!_ , o ,  l.r I. The s ing le  wo r d  t ask was u s e d  to e l iminate 
p o s s ib le d i f f i cu l t y  that th e three y e ar o l d  chi l dr en migh t encount e r  
r ep e a ting s en tence s . As  f ound in the E gu ch i  and H i r s ch s tudy , a n  ov eral l 
decrease in f orman t variab i li ty wi th increas ing age was ob s e rve d . The 
larges t decreas e  in  s t andard d ev i a t ion o c cur red b e tw een the ages o f  
three and f our . Reduction i n  v ar i ab i l i ty was more gradual b e tween four  
years  and adultho o d .  
S p e ci f i c  a t t en t ion h a s  b e e n  g iven t o  vo i ce ons e t  t ime (VOT)  f o r  
s to p  p los ive cogna t es whi ch i d en t i f i e s  the t iming r e l a t ionship b e tween 
voi cing on s e t  and s up rag lo t ta l  arti culatory r e l e as e .  VOT h as b een 
meas ured f rom s p e c t rograms and i s  def ined as the t ime i n t e rval b e tween 
releas e of the s top cons onant ( i dent i f i e d  by  a nois e  burs t on the s p e c tro­
gram) and the  ons e t  of  voi c ing for  the fo l lowing vowe l .  V alues of  VOT  
are p r e s ent ed in b o th p o s i tive and negative t ime ma gni tudes w i th the 
p o i nt o f  r e l e ase rep r e s en t ing a zero r e ferent po in t .  The r e f o r e ,  vo i ci ng 
ons e t  p ri o r  t o  arti culatory r e l eas e i s  p r es en t ed i n  negat ive values and 
v o i c e  ons e t  af t e r  the r e l ease  i s  p resented  in p o s i tive values . 
L i sker and Ab rams on ( 19 6 4 ,  19 6 7 )  inve s ti g a t e d  the VOTs f o r  v o i c e d  
and vo i c e l e s s  cogn a t es f or t h e  s t op  p 1o s ives lb , d ,  g ,  p ,  t ,  and k l f or 
adu l t  s p eakers . Res u l t s  indicated  that  the t\vO phoneme categories  
could  be  e f f e c tively d i f f eren t i a te d  o n  the basis  of  VOT . S p e ci f i cal ly , 
f o r  i s o la te d  wor ds voiceless  p lo s ives wer e charac teri z ed b y  relat ive ly 
long vo i c ing lag t imes  in the rang e of +40 to  +75 ms e c . Conve r s e ly , 
the vo i ced cogna tes  were charac t e r i z e d  by very sho r t  VOTs i n  the r ange 
o f  z ero to +10 ms e c . I t  was also  o b s e rved th a t  for s om e  s p e ake rs nega-
t ive VOTs we re o b s e rved i n  the range o f  -100  ms ec . i nd i ca t ing that  the s e  
i ndividuals ini t i a t e d  v o i cing p r i or to ar t i cu l a t o ry releas e .  
P re s ton and h i s  co l l e agues a t  Haskins L ab or a t o ry h av e  i den t i f ie d  
t h e  VOTs f o r  s to p  p l o s ive cons o nant s  o f  ch i ld ren o f  various a g e  leve l s  
( P r e s t on , Y eni-komshian ,  and S tark , 1 9 6 7 ;  P res ton and Po r t ,  19 6 8 , 1 9 69 ) . 
Meas uremen t s  o f  VOT f o r  mos t  o f  thes e s t ud i es were t aken f r om the r e co r d-
ings o f  the spon taneous vo ca l i z a t i ons and s pe e ch o f  chi ldren p ro d uced 
during thi r ty minu te s es s i o ns . Re s u l t s  f rom the s e  and o ther  s tudies h ave 
b een s ummar i z e d  by  Kent ( 1 9 76 ) . G ener a l ly , all o f  the chi l d ' s  early 
p ro d uc t i ons o f  s top p lo s ives  f al l  w i thin a sho r t  unimo de l range o f  VOT 
charac t e r i s t i c  of vo i c ed s o unds in the r ange of z e ro t o  +30 mse c .  By 
abo u t  the s e cond to the f o ur th y e ar the gre a t es t co ncentr a ti on o f  VOT 
values is s ti l l  in  th e s ho r t  0 to +30 ms e c . range b u t  an increas ing 
p r op o r t io n  of  longer voicing lag t ime s are ob s e rve d .  Thus , a d i f f eren t i a l , 
y e t  ove rlapp ing b imo del  p a t t ern b e gins to  emerge by  f o u r  y ears o f  age . 
V o i c e d  p lo s ives f al l  within the 0 to  +30 mse c .  range and vo i cless  p lo s ives 
f a l l  within the +20 to +50 ms e c . range . By six years of age a b imo d al 
dis t ri b u t i on o f  VOTs i s  c learly o b s erved . However , mo re over l ap b e tween 
vo i ced and v o i ce l e s s  cogna t es is o b s e rved th an f o r  adu l t s . As p revi ous ly 
no t e d ,  VOTs for adu l t  sp eake rs  are ch aract e r i z e d  by  d i s t i n c t ly b imo dal 
d i s t rib u t i ons w i th l i t t le o r  no overlap b e tween them . 
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Z l a t i n  and Ko e nigs tne ch t  ( 1 9 76 )  i nve s ti g a t e d  the VOTs in ten two ­
y ear o l d  ch i ldren , t en s ix-y e ar o l d  ch i l dren , and twenty adul t s . VOT 
me as ur ements  were mad e  f rom r e co r d e d  u t t e rances  of the word s  bees , b e an , 
p ear , dime , time , goat , and co a t . E ach wor d was p ro duced  thi rty t imes 
i n  r andom o r d e r  by  e ach s ub j e c t . Res u l t s  wer e  s im i l ar t o  those r ep o r t e d  
i n  p revious s tudi es  \vi th VOT values f o r  t h e  vo i ced and vo i ce less  s tops 
d i f f e ring as a f un c tion  of  age . VOT values f o r  the vo i ced s o unds ranged 
b e tween 0 and +20  ms e c . , for /b / and / d/ and +10 to +40 m s e c . for / g / . 
Voi c eless  lab i als ranged f r om +5 0 t o  +100 ms e c .  w i t h  ap i cals and v el ars 
f al ling b e tween +60 and +110 mse c .  
In e a ch o f  t h e s e  s tudies  intr asub j  e c t  v a r i ab i li ty f o r  VOTs was 
obs e rved to d e crease wi t h  age , app roxima t ing adult like s t ab i li ty b y  
abo u t  eigh t  t o  t e n  y e ars . F o r  examp le , P res ton and P o r t  ( 19 69 )  r e p o r t e d  
s igni f i can t ly g r e a t e r  var i ance  values for  t h e  VOTs o f  two- and- a-half and 
four- and- a-half y ear old chi ldren whe n  comp ared w i th adul t s . Z l a t in and 
Koenigs tne ch t ( 1 9 7 6 )  also  repo r t e d  th a t  wi thin  c a t egory comp ari s ons VOTs 
s howed s igni f i c an t ly smal ler  s t andard dev i a t i ons w i th i nc r e as ing ag e .  
P o r t  and P res ton ( 19 7 2 )  sugg es ted  that o ne exp l ana tion f or the d e l ay 
i n  the p ro du c t ion o f  longer VOTs r e s u l t s  f rom the mo re comp l ex t iming 
r e l a t i onship b e twe en larynge a l  and s up ralaryngeal events needed f or the 
p ro du c tion  o f  voi c el e s s  s to p  p lo s ives . They i nd i c at e d  that vo i ce le s s  
s top  p los ives are p roduced w i th t h e  g lo t ti s  open  a t  the t ime o f  a r t i cu l a t o ry 
release ( L i sker , e t  al . , ( 19 70 ) . Ap p ro x ima tely 100  to 200  ms e c . i s  needed 
to  addu c t  f u l ly the vo cal f o l d s  f rom the ini t i al open p o s i t i on ( Kim , 1 9 7 0 ) . 
The r e fo re , the i ndividual mus t leave the glo t t i s  o p en thro ughou t ar t i cu­
l a t o ry clos ure and then p romp t ly i n i t i a t e  vo c al f o l d  vib ration a t  the 
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moment o f  s top  r e l e as e ,  h av ing main taine d velophary ngeal c los ure through 
o u t . Howeve r ,  f o r  voiced  p lo s ives  the addu c t i o n  of the vo cal  f o l d s  c an 
take p lace  any t ime p r i o r  to  o r  during arti culatory clos ure ( ap proxima t e ly 
100 ms e c . )  and o s c i l la t i on w i l l  s t i l l  b e gin upon r e l e as e . I t  woul d  app ear , 
the n ,  tha t the long e r  VOTs needed for  vo i ce le s s  s to p  p l os ives d o  no t o c cur 
u nt i l  the ch i l d  has deve l o p e d  s uf f i ci en t  neuromus cular con t r o l  to ac cu­
r a t e ly t im e  the laryngeal and supr a laryngeal even t s . 
Tinley and Allen ( 19 7 5 )  inv es t i g a ted the ex t en t  t o  wh i ch s p e e ch 
mo to r timi ng control  improves i n  cons i s t ency wi th age . They h ad s ub j e c ts 
a t  four levels  ( 5 , 7 ,  9 ,  and 1 1  y e ar s )  rep e a t  the  phras e , " Twink l e , twinkle 
l i t t l e  s t ar ,  how I wonder wh ere  you are" thir ty t imes and t ap the i r  f i nge r  
o n  a f o r c e  gauge trans ducer f o r  two minu tes , a s  s t ea d i ly a s  p os s i b le . 
Mea s uremen ts o f  int rasub j e c t  variance were t aken w i th r e s p e c t  to  the t ime 
o f  o c currence o f  nine ar t i culato ry even t s  made w i th in e ach r ep e t i t i o n  o f  
the s p e e ch s amp l e . Res ults  i nd i c a t e d  th a t  i ntragroup ( a g e )  var iances 
were s igni f i can t ly d i f f eren t , wi th r e l at ive var i an c e  d e cr eas ing to wi th in 
the adu l t  range by  1 1  y e ars o f  a ge . S imi lar t rends o f  decr eas i ng variance 
were obs erved for the f i ng er tapp ing task . The s e  r e s u l t s  s ugge s t that 
the s p e e ch t iming contro l me chanism has a development a l  comp onen t s imilar  
t o  o th e r  mo t o r  tasks . The  au tho rs hy p o th e s i zed tha t  a t iming con t ro l  
mechanism o r  " neur a l  clo ck" i s  a t  leas t p ar t i a l ly respons ib le for s p e e ch 
t iming con t ro l and may b e  commo n fo r a l l  mo tor  t imi ng ab i l i ties . 
In s ummary , s tudi es inves t ig a t ing s p e e ch d ev e lopment indi c a t e  th a t  
p re ci s i on o f  sp ee ch mo t o r  contro l and t iming i ncr eas es with  age . This 
deve lopmen t o f  motor  co ntrol  has b een obs erv ed for b o th sp e e ch and non­
s p e e ch t asks . A pr imary charac t er i s t i c  as s o c ia t ed w i th incr eas ed mo tor 
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development i s  the p rogres s ive de c re as e  in  i n t rasubj e c t  var i ab i l i ty 
f rom abo u t  the age o f  three to  eleven y e a rs wh ere i t  a s s umes adul t l ik e  
s tab i l i ty (Eguch i  and H i r s h ,  1 9 6 9 ) . A decreas e in  var i ab i l i ty o f  mo t o r  
con t r o l  has  b e en o bs e rved f o r  s p e ech p ro duc t i o n  p ro ce s s es i nvo lving 
phona t o ry adj us tmen ts (F o ) , p r e c i s i on of vocal t ra c t  co n f i gur ation  ( fo r­
mant p a t t erns ) , and the t iming r e l a t i onship b e tween vo i cing o ns e t  and 
s up raglo t ta l  ar t i culatory movemen t s  (VOT) . T i ng ley and A l le n  ( 19 75 )  
also  fo und that variab i l i ty i n  th e t iming o f  sp eech mo tor  events d e c reas es 
w i th age app roximating adu l t  p a t t e rns by e leven years . 
S im i l a r ly , reac tion t ime s tudies  h ave f o und that the s p e e d  and 
s tab i l i ty wi th wh i ch an i ndividual can ini t i a te a s imp l e  mo t o r  t as k  
s uch as f inger p r es s ing p ro g r e s s ively increas e s  w i th age . Intrasub j e c t  
v ar i ab i l i ty f o r  the s e  r e a c t i on t ime t as ks decreas e s  marke dly w i th age , 
o f te n t imes to  a greater  ex tent th an the r ea c t i o n  time s p e e d  i ts e l f . As 
w i th s p e e ch mo t o r  developmen t ,  the greates t decrease  in the mean r e a c t i on 
t imes and i n t r as ub j e c t  variab i l i ty o c curs  b e tween the ag es  o f  three and 
s even ye. a rs dimini s hing mo re g radually un t i l  assuming adult l ike r e s p ons es  
by  ab o u t  eleven years  of  age . 
I t  would app e a r  f r om th e s e  s tudies that mo t o r  con tro l abi l i ty f o r  
b o th s p e e ch and nons p e e ch t as ks increas e s  w i th t h e  neurophy s i o lo gi cal  
developmen t o f  the chi l d . S tud i es o f  b ra in deve lo pment ob s e rved as 
changes in  e l e c t ro encephalo graph i c  ( F.EG)  p a t t erns have s uppor t ed th i s  
as s ump tion . Gener a l ly , an adu l t  EEG pa t t e rn i s  no t reach e d  un t i l  
app r ox ima t e ly t e n  to  thi rt een years  o f  age ( L inds l ey , 1 9 5 2 )  Dus tman and 
B eck , 1 9 6 6 ; Novikova , 19 6 1 ) . I t  s eems tha t  the co r t ex und ergo e s  a s lmv 
change towar d  s t ab i li ty wi th matur a t io n  and th a t  y o ung er chi ldren d o  n o t  
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p er f o nn a s  uni f o rmly a s  o lder chi ldren in t asks invo lving neural contr o l  
mech ani sms . 
Wh e ther  the s lowe r , mo r e  v a r i ab l e  voi ce reac tion t imes ob s erved 
f o r  adul t  s tu t t e rers res u l t  f rom the d evelopment of the s tu t t er in g  p rob l em 
w i th age o r  contr ib ut e  as a d i s rup t ive f a c t o r  in the ear ly d eve l o pment o f  
f luent s p e e ch p ro d u c t ion i s  p r esently unde t e rmine d . The level i n  the 
s p e e ch developmen t p ro ces s a t  whi ch dis rup tion in phona to ry ab i l i ty 
o ccurs migh t b e  inves tigated  by comparing th e deve lopmental  p a t t e rns 
of vo ice re a c t i on t ime b e tween s tu t terers and no ns t ut terers  at s everal 
age l eve l s . I f  s low voi c ing ini tia t i on ab i l i ty o r igin al ly cont ributes  
t o  e ar ly d i s rup t iv e  b eh avior then the  vo i ce reac t ion t imes of  chi l d ren 
who s tu t ter  might  b e  lo ng er and more v ariab l e  than t ho s e  of f luent 
chi ldren a t  early p e r io d s  in  the s pe e ch dev e lopme nt p r o c es s es . The s e  
d i f f eren c es in  voice  rea c tion  t ime migh t be  ob s e rved t o  continue or  even 
increa s e  in ma gni tude as the i ndiv i dua l ' s  s tu t t e ring p rob l em deve lops  
w i th age . Convers e ly , if  the  s low v o i cing i n i t i a t ion ab i l i ty re s u l t s  
f rom the deve lopment o f  s tu t tering then dif f e rences b e tween t h e  two 
group s migh t  no t b e  observed un t i l  l a t e r  in the developmen t o f  the 
individual ' s  s tu t tering p ro b l em .  A t  p r es en t , n o  s t udies have b e en found 
whi ch inve s t ig a te development  o f  VRT p e rfo rmance of s tu t t er e rs and non­
s tu t t er e rs as a f un c t ion o f  ag e .  
I I I . STATEMENT OF THE PROBLEH 
The purpo s e  o f  th i s  s tudy was to comp are the p e r f o rmance ab i l i ty o f  
s tu t terers and nons t u t t er e rs o f  three d i f f erent age l eve l s  o n  a v o i ce 
reac tion task i nvo lving i ni t i ation o f  the ne utral  vowel  s ound I 1\ I in 
respons e t o  p ure t one s t imulus cues . The e f f e c t s  o f  the thr e e  exp e ri ­
men tal variab les o f  Age ( f ive y e ar o lds , nine y ear o ld s , and adu l t s ) ,  
Group ( s tu t ter ers and nons tut t er e rs ) , and S e t  ( p r a c t i c e) on b o th the 
mean and intrasub j e c t  respons e  v a r i ab i l i ty o f  vo i ce r e a c t i o n  t ime was 
i nves tigated . 
40 
CHAP TER I I  
HE THODS 
S ub j e c t s  
Twenty-s even s tu t te rers and twenty - s even nons t u t t erers  ma t ch e d  
f o r  a g e  and s e x  p a r t i c i p a t ed a s  s ub j e c t s  i n  thi s  s tudy . B o th the s tut­
t ering and nons t u t t ering g r oups were comp r is ed of nine s ub j e c ts at e ach 
of the three age levels of f ive ye ars , nine y e ars , and adu l t s  ( d ef ined 
in this s tudy as f if teen y e ars o r  o lder) . S even o f  the f ive y ear o l d  
s ub j e c ts f or b o th g r oups w e r e  ma l e  and two w e r e  f emale . S ix o f  th e nine 
y ear o lds were male and three were f emale whi le all of the adul t  s ub j e c ts 
wer e  mal e . Tab l e  1 d i sp l ay s  the s ummary o f  the chrono l o g i c a l  ag es  o f  the 
ma t ch ed s tu t t erers and no ns tut terers as well a s  the res p ec t ive mean f o r  
e ach ag e leve l . The adul t nons tut t erers  were ma tched f o r  age w i th th e 
s tut t erers w i th i n  two years , w h i l e  the ch i ld r en were  ma t ched Hi th in s ix 
mon ths . 
E ach o f  the twen ty- s even s ub j ec ts comp r i s ing the s tu t t er ing group 
w er e  s e l e c t ed on the b as is o f  the f o l loHing c r i t er ia : 
1 .  Had b een evalua t ed by a s p e e ch p a th o l og i s t  c er t i f i ed b y  the 
Amer ican Sp eech and Hear i ng As s o c i a t i o n  as exhib i ti ng s tu t­
tering b ehavior s u f f i c ient  in  f r eq uency and degree  to Har rant 
therap e u t i c  in t ervent i on ei ther d ir e c t ly Hi th the individual 
o r  i nd i r e c t ly w i th the child ' s  parents at the date o f  te s t ing . 
2 .  Exhi b i t ed no patho lo g i c a l  s truc tural anoma l i e s  o f  the s p eech 
mechanisms as d e t e rmined by an oral p eripheral examina t io n  by 
the exp e r imenter . 
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TABLE 1 
CHRONOLOG I CAL AGE OF THE S TUTTERERS At'-I'D NONSTUTTERERS AS HELL AS THE HE!u'-;" FOR EACH AGE LEVE L . A G E  
I S  E XP RE S SED I N  YEARS -HONTHS F O R  T H E  F I VE Ac'JD N I:r."'E YEAR OLDS AND Y EARS O NLY FOR T H E  ADULT S .  
F iv e  Year O l d s  N i n e  Year O l d s  Ad u l t s  
S tu t t er er s  N ons t u t terers S tu t t er e rs Nons t u t t e r e r s  S tu t t er er s  Nons t u t t e r e r s  
5 - 1 5- 1 8- 8 9- 2  1 5  1 6  
5- 2 5- 2 8- 8 9 - 2  1 7  1 8  
5- 2 5- 6 8- 1 1  9- 3 1 9  2 1  
5- 3 5- 6 9- 4 9 - 4  2 1  2 2  
5- 4 5- 6 9- 6 9- 6 2 2  2 3  
5- 4  5-10 9- 7 9 - 6  2 3  2 5  
5 - 6  5-1 1  9- 8 9 - 6 26  2 7  
5 - 8  5- 1 1  9- 1 0  9 - 10 30 30 
5- 9 5- 1 1  1 0- 5  9- 1 1  30 2 8  
- - - - -
X = 5- 4 X "' 5- 7 X = 9- 4 X = 9 - 5  X = 2 2  X = 2 3  
..,.. 
N 
3 .  Exhib i te d  normal v o i c e  qual i ty , p i t ch ,  and l oudness wh i l e  
counting f rom one t o  ten and p ro longing th e vow e l  s ound l /\ 1 
for  two s e conds . 
4 .  Exhib i te d  normal b i lateral  h e aring , d e f ined as p ure tone ai r 
conduction  th resho lds no t in  excess o f  20  dB SPL i n  b o th ear s 
at 500 , 1000 , 2000 , and 4000 H z  and no greater  than 10 dB  
thr esh o l d  d i f f er en c e  b e tween e ars at each f r eq uency . 
5 .  H ad an o ns e t  o f  s t u t tering b ehavio r p ri o r  to  f iv e  y ears o f  
age as d e t e rmined b y  an evalua t io n  b y  a s p e e ch patholo gi s t 
or pres ented  i n  a c as e  h i s tory re p or t .  
Each o f  the tHen ty- s even s ubj e c ts comp r i s i ng the no ns t u t t ering  
group were  s el e cted  on th e b a s i s  o f  the f o l l owing cr i ter i a :  
l .  Wer e  m a t ched for  sex w i th s ub j e c t s  a t  each age l ev e l  o f  the 
s t ut t er ing gro up . 
2 .  D i d  no t exhib i t  at the t ime o f  th is s tudy no r had b een 
p r ev i ous ly ev alua ted  by a cer t i f i e d  s p eech pa tho logis t as 
exhib i t ing a s p e ech or language d i s order s u f f i ci e n t  i n  
degre e to  war rant th erap eu t i c  int erven t i on . 
3 .  Exh ib i t ed no p a th o l o g i cal s truc tural anoma l i e s  o f  the 
speech m e chanism as de t ermined by an oral p eripheral 
exami na t i on by the i nves t i g a t o r . 
4 .  E xh ib i t ed no rmal vo i ce qual i ty ,  p i t ch ,  and loudne s s  whi l e  
count i ng f rom one t o  ten and p rol ong ing the vowe l s ound I 1\ I 
for  tHo s e conds . 
5 .  Exhib i t ed no rmal  b i la t e r a l  hearing , d e f i ned as pure  tone air  
condu c t i o n  thr e sho ld s  not  i n  exces s of  20  d B  SPL  i n  b o th ears 
a t  5 00 ,  1 0 00 , 20 0 0 , and 4000 Hz and no greater  th an 1 0  dB 
thr es ho ld d if f er enc e b e tween ears at each f requency . 
Aud i t ory Tes t S t imuli 
The t es t cues u t i li z ed to  ini t i a t e  the s ubj e c t ' s  vocal responses 
cons i s ted o f  a s er i e s  of  1 0 00 Hz pure tone p u l s es of  one s e cond dur a t i o n .  
The p u r e  tones w e r e  p r ereco r d ed o n  ch annel one o f  a magne t i c  audio t ap e  
a t  equal i n t ens i ty levels . The s timu lus tap e  cons i s ted o f  a t o t al o f  
ninety t o nes  d iv i d ed int o s i x  equally b al an c ed s e ts o f  f i f t een tones 
each . Th e dur a t i o n  o f  the s i lent i n t erval ( S I )  b e tween the o f f s e t  of 
o ne tone and the o ns e t  of the f o l lowing t on e  vari ed r andom ly b e tween 
thr ee , f our , f iv e , and six s econds . Tab l e  2 d i s p l ays the order o f  the 
s ilent int ervals for each of the tones for s e t s  one th rough s ix . Th e 
f i rs t s e t  o f  tones was u t i l i zed as a p r ac t i c e  se t t o  f ami liar i z e  the s ub­
j e c t  w i th the t es t  p r o cedur e s . The exp e riment al p r o c edure s , th en , uti­
l i zed the r emaining five se t s  o f  tones  and w i l l  hen c e f o r th be  r e f e rr ed 
to as s e t s  one , two , thr ee , f our , and f ive , r e s p e c t iv e ly . The phras e ,  
"This i s  th e b eg i nning o f  s e t  numb er __ " prec eded the ons e t  o f  the f ir s t 
tone i n  each s e t  by  approxima t e ly f iv e  s e cond s . A b roadb and whi te  no i s e  
cal ib r a t i on s ignal was recorded a t  an i n tens i ty level equiva len t t o  that 
of the s t imulus tones a t  the b e g i nning of the s ti mulus t ap e .  A l th ough 
there wer e f i f t e en tones r e c orded f or ea ch s e t  only e l even r es p ons es were 
el i c i ted f r om each s ub j e c t . The r emaining f our t o nes  wer e u t i li zed as 
ex tra  s timulus cues in  th e even t  o f  an i napprop r i a t e  r e sp ons e f rom a 
sub j ec t .  
The natur e o f  the s t imu lus cues u t i li zed i n  th i s  s tudy were d e t er ­
mined on t h e  b a s i s  o f  p r evi ous r es e ar ch u t i l i z ing the s imple m o t o r  
TABLE 2 
RANDOMI Z ED DURAT I OT\S O F  S ILENT INTERVALS ( S I ) BETHEE N  THE OFFSET 
OF EACH S TIMULUS TONE AND THE ONS E T  O F  THE FOLLOHING TONE 
FOR EACH OF S IX RESPONS E SETS . 
Dur a t i on o f  S I  ( s e c . ) 
Interval f o r  R e s p onse  S e t s  
Between 
Tones P r a c t i ce 1 2 3 4 
1 - 2  3 4 4 3 4 
2 - 3  6 3 3 3 3 
3- 4 3 6 6 6 4 
4 - 5  6 4 6 3 5 
5-6  4 3 4 5 5 
6- 7 4 3 4 5 5 
7- 8 6 4 4 5 4 
8-9 4 6 4 4 3 
9 - 1 0  3 6 5 4 4 
1 0- 1 1  5 3 3 3 4 
1 1- 1 2  3 2 4 4 3 
1 2 - 1 3  2 5 6 2 3 
1 3- 1 4  6 6 4 3 5 
















r e a c t ion t ime p aradigm .  S imp l e  reac t io n  t ime has b een s hown to  b e  a f­
f e c ted by  f a c tors such as  the nature o f  a r e ady s i gnal , the s t imulus 
moda l i ty , s t imulus intens i ty ,  and the numb er o f  t r i a l s  u s e d . 
Trad i t i o na l ly , the r eady s i gnal i n  the f orm o f  a l i gh t  or s ound 
p r i o r  to  th e ons e t  of e ach s t imulus cue has b een assumed to maximi z e  th e 
s ubj e c t ' s  s ta t e  o f  r eadines s and thus lower the  thresho l d  o f  r e sp o nding . 
When the r e ady s ignal i s  u t i l i z ed , manip ul a t ing the t ime i n t erval ( o f t e n  
r ef erred t o  a s  t h e  p r ep ar atory i n t erva l ,  or P I )  b e tween i ts ons e t  and 
the i ni t i a t i o n  of th e s t imulus cue has b een s hown to hav e  marked e f f e c t s  
on reac t i on t ime (RT )  (Weis s , 1 9 6 5 ; D avi s and Gr een , 1 9 6 9 ; Ko f el d , 19 6 9 ; 
E l l io t t , 1 9 70 ; C zudner and Rourk e , 1 9 7 2 ; H enr iksen and Ho lmes , 1 9 7 3 ;  
Algeria l  and D e lh ay e-Remb aux , 1 9 7 5 ;  and P o s s amai , Granj on , Reynar d , and 
Requ i n ,  1 9 7  5 ) . Generally , wh en the P I  is the s ame for a l l  r es p onses , 
long e r  P i s  r es u l t  i n  longer RTs .  Ho\veve.r , "'h en the P I  i s  r andomly 
a l t ered b e tween r e s p ons e s  the s ho r t er P i s  r es u l t  in long e r  r e ac ti o n  
times . The s e  shor t e r  r e act ion t imes w i th longer P i s  in  t h e  random ly 
p r esented int ervals hav e  b een ass umed to  r e s u l t  f rom the increas ed 
prob ab i l i ty o f  the  occur rence o f  th e r es p ons e cue wi th t ime . Henr iksen 
and Ho lmes ( 1 9 7 3 )  i nves t ig a t ed the  ready s ignal ef f e c t s  as a f u nc t i on 
o f  experiment al  des ign f o r  a s i mp le r eac tion t ime t as k .  I n  the ir 
b e tween- s ub j e c ts des ign , 20 sub j e c ts had a v i s ua l  re ady s i gnal p r e­
s en t ed on e ach t r i a l , whi l e  for  ano ther 20 s ub j e c t s  the r eady s i gnal 
was  alway s ab s en t .  For  the wi th in- s ub j e c t  d es i gn , 40 s ub j e c t s  exp eri­
enced  b o th r e ady s ignal condi t ions i n  r andom order . They ob s erv e d  
tha t the r e  w e r e  n o  s i gni f i c ant  d i f f er ences w i t h  r e s p e c t  t o  reac tion 
t imes when the  r e ady s i gnal was  ei ther present  o r  absent  for  the 
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b e tween- s ub j e c ts d e s i gn . However , i n  the wi thin- s ub j ec t  experime n t , the 
reac t i on t ime s were long e r  when the r eady s ignal was ab s en t  i nd i c a t i ng 
i ts presence  was imp or t an t  f o r  l ower i ng reac t ion t ime only whe n  the 
sub j e c t  h as exp e r i enced i t  w i th i n  th e s ame s es s i on .  The au thors con­
c luded th a t  wh en the sub j e c t s  had nev e r  r e ceived a r eady s i gnal the 
p r e c ed ing r espons e cue i ts e l f  s erved as the p repar a t o ry s t imulus f o r  
the nex t cue . I t  would appear th a t  f o r  reac t i o n  t ime t asks i nvo lving 
yo ung ch i ldren the p res ence o f  b o th a ready s i gnal and a respons e  cue 
migh t s erve mor e  to  confus e than aid the s ub j e c t . The r e a dy s ignal was 
e l iminated  f r om the react ion task i n  thi s  s t udy to s imp li f y  the na t ur e  
o f  the t as k  p r e s umab ly having l i t t l e  o r  no e f f e c t  o n  the r es u l ti ng 
r ea c t ion t ime s co r es . 
E f f e c t s  o f  the moda l i ty through which the s ti mu lus cue i s  p r es en t e d  
and the int ens i t y  o f  t h e  s t imul us have also  b een i nves tigated . I t  has 
been f ound that r e s p ons e cues p r e s en t ed through the aud i tory mo dali ty 
r e s u l t  in  f as t e r  r eaction  t imes than wh en p r e s en t ed through v i s u a l  
s timula t i o n  ( Woodw o r th and S ch l osb erg , 1 9 5 4 ; Ko f el d , 1 9 6 9 ; Dav i s  and 
Green , 1 9 6 9 ) . The s ho r t er aud i tory RTs have b e en a t trib u t e d  to sho r t er 
neur al tr ansmi s s i o n  lat enci es than thos e ob s e rved f o r  the visual modal i ty .  
Intens i ty of  the r espons e cue has also  b een shmvn to a f f e c t  reac t i on t ime 
(Ch o chi l e , 1 9 4 5 ; Woodrow , 1 9 1 4 ; Ko f el d , 1 9 6 9 ; G r i c e and Hunter , 19 6 4 ; 
and Murry , 1 9 6 9 ) . Aud i tor i ly p r es en t ed pure tones h ave b een o b s erved 
t o  ach ieve mi nimum r ea c t i o n  t imes a t  medium t o  h i gh i n t ens i ty levels 
ranging f rom 60 t o  90 dB SPL . As a conseque nce , mos t  r ea c t ion t ime 
exp eriments h ave emp loyed aud i tory s t imulus i n t ens i t i e s  of  80 t o  8 5  dB  
SPL t o  insure minimal e f f e c t s  o f  s t imulus s t r eng th on res u l t ing r e a c t i o n  
time s . 
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F i na l ly , a s  noted i n  the r eview o f  t h e  l i t era ture o n  reac t i o n  t ime 
exp eriments ,  a p r a c t i c e  e f f ec t  is obs e rved for r ea c t i o n  t asks . The 
speed of the r e s p onse p ro g r es s ively increas e s  wi th an i ncr e as ed numb e r  
of r e s p o ns es .  C r o s s  and Shadden ( 1 9 7 7 )  obs erved that f or a vo i ce 
reac t i on task bo th adu l t  s t u t t er er s and nons t u t ter er s  a t tained wh a t  
app ea r ed to b e  t h e i r  f a s tes t r e a c t i o n  t imes dur i ng the f i r s t twenty 
r es p ons es , a l though within-s e t  comp a r i s o ns i nd i c a t e d  the s tu t t er er took 
mo r e  resp ons e t r i a l s  to  r ea ch this level  than the  nons t u t t erer . Whe ther 
a s imilar d e cr eas e i n  r eac t ion t ime is obs erv e d  w i th ch i l dr en ' s  vo i ce 
reac t i o n  p e r f ormance is p re s e n t ly unkno�n . I n  o r d er t o  avo i d  f a c tors 
such a s  f a tigue  and los s of  a t te n t i on from cont r ib u t i ng to  var i a t i o n  
i n  voice reac t io n  time a maximum o f  f i f ty- f iv e  t r i a ls we r e  e li c i t ed 
f rom each subj e c t  during the exper imen t a l  cond i t io n . 
S t imulus Tape P r epar a t i o n  
I ns trumen t a t i on u t i l i z ed in  the p r epar a t i o n  o f  t h e  s t imulus t ap e  
i s  shown i n  F igur e 1 .  A b ro adband wh i t e  nois e calib r a t i o n  s ignal was 
p r o duced by a no i s e  generator ( Gr a s o n- S t ad l er , mod e l  4 5 5 C )  and ro u t ed 
to channe l  one o f  an Amp ex (mo d e l  AG 4 4 0B )  tape r e c o rde r . The r eco rding 
l eve l for channe l one was adj us ted  t o  0 VU for the wh i t e  noise s i gna l .  
Thir ty s e co nds o f  the c a l ib ra t ion s i gnal f o l l owed b y  thi r ty s e conds o f  
s i l ence was recorded o n  magne t i c  audi o  tape  ( S co t ch ,  mo d e l  20 6 ) . The 
nois e g enera to r  was then d i sconne c t ed and the o u t p u t  of a t iming g enera­
t o r  ( cus tom eq uipmen t ) , e l ec tronic  swi t ch (Gr ason-S t a d l er , mod e l  1 2 8 7B ) , 
and t o n e  gener a t o r  (Wav e t e k ,  mo d e l  1 3 6 )  were rou t ed to  the inp u t  o f  
chann el o n e  o f  the tap e  rec order . W i th the c i r cu i t  o p en ,  the t one g en­
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t ime o f  10  ms ec . a t  a l evel  p eaking a t  0 VU o n  the r e c o rder . Thus , the 
whi t e  no i s e  calib r a t i on s ignal and the s t imulus t ones were r e corded a t  
the s ame leve l . The t iming g en era t o r  was th en ad j us t ed s o  that manually 
d ep r es s ing a trigger  key p roduced a one s econd e l e c t r i c a l  impul s e  o pening 
the elec tronic swi t ch and al lowing the  1000 H z  tone o f  one s econd dur a­
t i o n  to  b e  routed to  channel  o ne o f  the t ap e  r ecorde r .  The s ix s e t s  o f  
s t imulus tones wer e then r ecorded on the s timulus t a p e  b y  the exp eri­
menter manually trigger i ng the  t iming g enera t o r  a t  i n t e rvals equiv a l en t  
t o  t h e  p r ed e tennined s il en t  i n t erval ( S e e  Tab le 2 ,  p .  4 5 )  p lus o n e  s e co nd 
( tone dur a t i on)  f o r  each o f  the s t imulus cues . Th i r ty s econds o f  whi t e  
no i s e  cal ibr a ti o n  s ignal were recorded a t  the end o f  the s timu lus t ap e .  
The phras e , "This i s  the beginning o f  s e t  numb er " was recorded ap-
pr oxima t el y  f iv e  s e conds p r i o r  to  the ons e t  of t h e  f ir s t  t o ne of each s e t .  
The s i gnal - to-no i s e  rat i o  f o r  the pure tone s t imul i  was 4 0  d B  a s  meas ured 
o n  an o s c i l lo s co p e  and g r aphi c lev e l  r e corder . 
Ins trument a tion 
A b lo ck d i agr am o f  the i ns trumen t a t ion used  to  p r e s en t  the s t imulus 
tones , moni t o r  the s ubj e c t s ' vo cal resp ons es , and meas ure  the r e s u l t i ng 
voi c e  r eact ion t imes i s  shown i n  F igure 2 .  
P r es entation  o f  the S t imul us Tones . The p ur e  t one s t imulus cues 
wer e r ep roduced f rom the s t imu lus tape by means of a Ho l lens ak (mo de l  
1 5 20AV )  t ap e  r e co rd er . Th e output  o f  the tap e r ecorder  w as rou t ed to  
an amp l i f i e r  ( cus t om equ ipment ) and two a t t enua t o r s  ( cus t om equipment ) 
b ef o re b e i ng r o u t ed b i la t er a l ly t o  Ko s s  K- 6 s tereo  earp hone s . The out­
pu t level  o f  each  ea rphone was  adj us t ed i nd ep enden t ly by  means o f  the 
P LAYBACK 
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MI CRO P HONE 
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F i g u r e  2 .  B lo ck d i a g r am o f  the i ns t rumen t a t i o n  u t i l i z e d  to p r e s e n t  t h e  
s t imu lus tones , tr ans duce the s ub j e c t ' s  v o c a l i z a t i o n s , and 
measure th e r e s u l t i ng vo i c e  r e a c t i o n  t ime s . 
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amp l i f i er and a t tenuators . The o u t p u t  f rom th e tape  recorder  was also  
rou t ed to the  s timulus g ate o f  a two channel  comp ar a t or ga t e  lo g i c  c i r c ui t .  
Moni toring of  Subj ec ts ' V o c a l  R espons es . The Subj e c t ' s  vo c al i za t io ns 
wer e transduced by a Sony uni-d i r e c t ional condens er (mod e l  ECM 1 9 B )  micro­
phone . The m i cr ophone was h e l d  i n  p la c e  two inches  in  f ront of  the s ub­
j ec t ' s  lips  by  me ans o f  a l avelier  neck mi crophone ho lder a t tached t o  a 
four- by s ix-inch me tal p la t e  allowing f o r  f re edom o f  movement w i thout  
vary i ng m i cr ophone p o s i t ioning . The output  f rom th e mi crophone was 
amp l i fied  and r o u t ed to the r e s p ons e ga t e  o f  th e comparato r  g a t e  c i r cui t .  
Meas uremen t  o f  Vo i c e  Rea c t i o n  Time . V o i c e  reaction  t ime w as me asur ed 
by me ans o f  a two channe l  comp ar ator NAND gat e log i c  c i r cui t ( cus t om equip­
men t )  and an e l e c t r onic d i g i t a l  counter (Heathki t ,  model l B- 101 ) .  A b lo ck 
d iagram o f  the c i r cui t d es ign i nvo lving the comp a r a t o r  g a t es , count e r , and 
clock mechani sm is shown in F i gu r e  3 .  The e l e c tronic  d i g i tal counter con­
s is t ed o f  an int ernal 1000  Hz c l o ck mech anism whi ch was routed thro ugh two 
comparator  l o g i c  g a t e  cir cui t s . The s t imul us logi c g a t e  was cont r o l l e d  by  
the o ns e t  o f  the r e c t i f ied  s i gnal from the s timu lus tones  wh i l e  the r es p o ns e 
g a t e  was con t ro l led  by the ons e t  o f  the rec t i f i e d  s ignal f rom the vo cal 
r es p ons e . Th e log i c  circu i t s  1ve re des igned to gate wh en th e r e c t i f i e d  
voltage  l eve l f o r  the s t i mu lus o r  response s ignals  exceeded a p r ed e t ermined 
threshold whi ch could b e  manually adj us ted and lock by two p o t en t i ome ters . 
The sys t em was d es i gned s uch that in  the " r eady " s ta t e  p r i o r  to s t imu lus 
ons e t , the s t imu lus c i r c u i t  was no t g a ted and the resp ons e cir cui t was , 
br eaking the c i r cui t to the clock  mech anism . ml en the vo l t age l ev e l  f or 
each s timulus tone exceeded 2 0 0  mVo l ts , the s t imulus cir cu i t  was g a ted and 
the clock began  running . hlh en the sub s equen t  v o l t age l evel  for  the s ubj e c t ' s  
- - - 1 
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F i g u r e  3 .  B l o ck d i a g r am o f  th e two chann el c omp ar a t o r  NAND g a t e  
log i c  c i r c ui t and e l e c t ro n i c  d i g i t a l  c o un t e r  u t i l i z e d  
t o  meas u r e  v o i c e  r e ac t i o n  t im e .  T h e  g a t e  i s  s h own i n  
t h e  " r e a d y "  p o s i t i o n  p r i or t o  ons e t  o f  the p u r e  tone 
s t imulus cue . 
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vo cal  respons e  exceeded !+ 60 mVo l t s , the resp ons e c i r cui t a l s o  ga ted b r eak­
ing the c i r cui t t o  the c lock mech anism . Th e 4 6 0  mVo l t  thr esho l d  leve l  
corr e s p ond ed t o  a vocal  i nt ens i ty l ev e l  of  approx ima t ely 80 d B  SPL a s  
measured w i th a s ound lev e l  me t er two inches f rom the micro phone . V o i c e  
reac t io n  time , th e n ,  wa s o p e r a t i onally d ef i ne d  a s  t h e  l a t ency in m i l l i­
s ec o nds b e tween the moment when th e vo l tage level f o r  the s t imulus  tone 
exc eeded 200 mVo l t s  and the s ubj e c t ' s  vocal response  exc e ed ed 460 mVo l ts 
as measured on the e l ec t roni c d i g i tal  c o unter . 
D e t ermini ng S t imulus and Respons e G a t e  Thresho l d  Lev e l s  
The v o l tage  threshold  l eve l s  f o r  b o th the s t i mulus and resp ons e 
c omp arat o r  g a t e  c i r cu i t s  wh i ch p r ovided the larges t d eg r e e  o f  t e s t - r e t e s t 
r e l i ab i li ty f o r  meas ur ement o f  vo i c e  r eac t i on t ime was d e t ermi ne d . Figur e  4 
shows a b lo ck d i agram o f  the i ns t rumen tation us ed t o  p r epare  a c a l i b r a t i on 
tap e cons i s t i ng o f  t en s t imu lus - respons e  p a i r s . The s timu lus tape  con­
s is t ing o f  the 1000 Hz tones was r eproduced o n  an Amp ex (mod e l  4 4 5 B) 
p l ayb ack uni t and ro u t ed to  channe l o ne o f  the Amp ex tape r e corder . The 
output  of the Sony mic rophone and mi crophone amp l i f i er ( cus tom equipment ) 
were r ou t ed to channe l two o f  the r e cor d er .  The t en s t imulus-r e s p ons e 
p airs  were then r ecorded as the experimen t e r  r esp onded as q u i ck ly as 
p o s s ib l e  to  the ons e t  of each o f  t en s t imu lus t ones by phona t ing th e 
s ound I 1\ I and ho l d ing i t  unt i l  the tone s t opped . 
F igure 5 d i s p l ay s  the i ns trumentat ion us ed to de termine the vo l t age 
thre s h o l d  l eve ls  for b o th the s t imulus and r es p ons e ga tes . Th e s t imu lus­
r e sp o ns e c a l i b ra t i o n  tape Has reproduced on a two ch anne l Sony (mod e l  
TC- 3 7 7 )  s t er e o  tap e recorder . Channe l two o f  the c a l ib rat ion t ap e  







F i gur e 4 .  B l o ck d i a g r am of the ins tr umen t a t i o n  u t i l i z ed to r e co r d  a 
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( cus t om equipmen t )  and then to a s ix inch l oudspeak e r .  The acous t i c  outp u t  
o f  th e louds p e ake r was trans duced b y  the S ony cond ens e r  m i c r ophone w i th the 
o ut p u t  leve l moni t o r ed by  a s ound level meter ( Bruel  and Kj aer , mod e l  2 2 0 3 ) . 
B o th the mi crophone and s ound l ev e l  m e t e r  were p o s i tioned two inch e s  di­
r ec t ly i n  f r o n t  o f  the  lo ud s p e ake r .  Th e output  o f  the micr ophone amp l i f i er 
was routed  t o  the r es p ons e g a t e  o f  the comp arator l o g i c  c i r cui t . The pure 
tone s timu l i  f r om channel  one o f  the c a l ib ra t ion tape  wer e rout ed t o  the 
s timulus g a t e  of the comp arator c ir cui t .  The o u t p u t  f rom the lo g i c  c i r cu i t  
was then r o u t e d  to  the e lec t ronic  d i g i t a l  coun t e r . A d i g i tal  vo l tme t er 
(Hea thki t ,  mod e l  IM1 0 2 )  moni t o r e d  the vol tage o u tp u t  f rom b o th the s timulus 
and resp on s e  ga tes . 
A p o t e nt i om e t e r  was us ed t o  adj us t th e mi crophone amp l i f i er t o  ap­
pr oxima t e ly t\.Jo- thi rds maximum gain and \VaS then locked . S i nce th e r i s e  
t ime o f  th e s t imulus tones was cons i s tent and r e l a t ively i ns tantaneous 
( 10 ms ec . ) th e s t imulus gate was set t o  t r i gger  a t  200  m i l l ivo l t s  and 
locked . The o u t p u t  lev e l  of the vo cal r espons e s  a t  the loudspeaker wer e 
then s e t  at  80 d B  S PL measured by  th e s o und level me ter . Th e tes t-re t e s t  
r e l i ab i l i ty f or me as ur ement o f  vo i ce reac tio n t ime at  di f f erent response  
g a t e  vo l t ag e  thresho ld levels  was  inves t igated  by  measuring vo i c e  reaction  
t ime f o r  the ten s t imul us-r esp o ns e  p airs  on  three  co ns e cutive t r i a l s  u s i ng 
a s ing l e  r espons e  g a t e  vo l t a g e  threshold l ev e l . This  p r o c edure \Vas then 
repeated sys tema t i cally advancing e ach t ime the r e s pons e g a t e  thr e s ho ld 
leve l in f iv e  m i l li vo l t  s t eps . The mean d i f f erence b e tween ea ch o f  the t en 
s t imulus-resp o ns e  p airs was calcu l a t ed w i th r es p e c t  to  t r i a ls , one , two , 
and three f o r  each o f  the vol tage thresho ld l eve ls . The lowes t mean d i f ­
f erence b e t\.Jeen the thr ee trials was 3 . 3  ms ec . obs e rved  for the  460  mVo l t  
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thresho ld l eve l . The p o t entiome t e r  f o r  the resp ons e g a te was th e n  locked 
i n  at  thi s  v o l t age thresho l d  l eve l .  Th e vo i c e  r ea c t i o n  t imes f o r  the ten 
s timulus-respons e  p a i rs meas ur e d  under these cond i t i ons were r e corded and 
u s e d  as fu tur e calibratio n  r e f er en t  values  (Ap p endix A) . 
C al ib r a t i o n  o f  I n s t r umen t at i o n  P r ior  to  Subj e c t  Tes t i ng 
Prior  to e ach t e s t i ng s i tu a t i o n  the i ns trumen t a t ion was arr ang ed i n  
the s ame manne r a s  p r ev ious ly d e s c r ib e d  f o r  det ermination o f  th e l o g i c  g a t e  
thr eshold levels  a s  s ho\v-n i n  F igure 5 .  T h e  o u t p u t  o f  t h e  v o c a l  res p ons es 
for  the ten s t imulus -respons e  cal j b ra t ion p ai r s  was again adj u s t e d  to  80 d B  
SPL a s  measured b y  the s ould level me ter  two inches f r om the mi crophone . 
The vo i c e  r e a c t i o n  times f o r  the ten calibra t io n  s t imulu s - r espons e pairs  
were then measured  w i th the  e l e c t ronic d i g i t al count e r . I f  the mean d i f­
f er ence b e tween th es e VRT s and tho s e  p r evious ly measured as calib r a t i o n  
r e f er en t  values exceeded four mi l l i s e conds , the gain  o n  th e mi crophone 
amp l i f i er was adj us t ed s l i gh t ly and th e p ro c edure r ep e a te d . I n  this manner 
the i ns t rument a t i o n  was calib rated to  provi d e  cons i s t en t  measures of  vo i c e  
reac tion t ime f rom o ne tes t t ime to  ano th e r .  
Hhe n  the g a t e  circuits  and the mi c rophone amp l i f i er had b een cali­
b ra t ed , th e ins t rumentation was arrang ed for p r es en t a t i on o f  the  exp eri­
men t a l  condi tion to  the s ubj e c t  as shmm in F igure 2 ( p . 5 1 ) . Hi th the 
reproduce l ev e l  o f  the t ap e  r e cor d e r  s e t to z e ro VU for the whi t e  no i s e  
calibration s ignal , b o th the le f t  and rigl1 t earph ones w e r e  ind ependen t ly 
calib rated  to  an o u tput  leve]  o f  80 dB SPL f o r  the p ure tone s t imuli  b y  
means o f  a f la t  p la t e  coup ler ( B r u e l  and Kj aer , m o d e l  4 1 4 7 ) , ar t i f i c i al 
ear ( Br ue l  and Kj a er , mod e l  4 1 5 2 ) , condens or micro phone (Bruel  and Kj ae r ,  
mod e l  4 14 4 ) , and so und l evel me ter ( Bruel  and Kj a er , mo d e l  2 20 3 ) . 
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P r o cedure 
All t e s t i ng was condu c t ed i n  rooms wi th amb i en t  no i s e  levels no t 
i n  exces s o f  6 5  dB SPL as measured by a s ound level me ter . The s ub j e c t  
was s ea ted a t  a t ab le d i r e c t ly acr o s s  fr om th e exp er imen t er . Al l i ns t ru­
mentation wi th the excep t ion of the e le c t ronic d i g i t a l  coun ter was s i tu­
a t ed so as no t to be in dire c t  v i ew o f  the s ub j e c t  in o r d er to minimi z e  
d i s t r a c t i o n  during t e s t i ng .  T h e  counter \vas on t he tab l e  fac i ng away 
f rom the s ub j e c t . 
Th e microphon e  was pos i t ioned on the l av e lier  microphone holder  
a ro und the  s ub j e c t ' s  neck and adj us t ed t o  Llvo i nch es from the  lips . The 
s p e c i f i c  p r o c edur al ins truc t i ons depend ing o n  whe ther the s ub j e c t  was a 
chi ld (Ap p endi x  B )  o r  an adul t ( Ap p endix C )  we r e  given p r i or to  ini t i a t i ng 
the e xp e r imental  t ask . General ly , the  s ubj e c t  was i n f o rmed that  the p ur­
p o s e  of  th e task \Vas to i nves t iga t e  ho\V q ui ckly he  could b e g in phona t i ng 
the s o und I A I a f t er h earing the ons et  o f  a 1 000 H z  tone through the 
e arphone s . Th e s ub j e c t  was ins tr u c t ed tha t as quickly as he could a f t e r  
he ari ng t h e  ons e t  o f  the tone h e  w a s  t o  ini t i a t e  the  I !\  I s ound and h o ld 
i t  un t i l  the t one end ed , wh i ch wou l d  b e  about  one s econd . The s ub j e c t  was 
inf ormed tha t  h e  \Vould r e s p ond to f i f ty- f ive tones i n  all  w i th a one minut e  
r es t  p eriod  a f t er ev ery eleven tones . S everal p r ac t i c e  tones wer e t h en 
p rovided f ir s t  through a loud s p eaker and the n thro ugh the earph ones . 
V erbal reinf o r c ement was provided by  the exp er iment er  \Vhen he  j ud g ed that 
the s ub j ec t  unde r s tood the na tur e o f  the tas k by a t t emp ting to  i ni t i a t e  
phonation o f  th e correct  s ound as q ui ckly a s  h e  could . The prac t i c e  
s es s i on was then d i s con t inued wh en the experiment er j udged that the 
s ubj ec t unde r s tood  and could r e p e a t e d ly p e rf orm the  task . Th e exp e r imen t er 
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then s e t  the e l e c t r oni c cou n t er t o  z er o , a s ked the sub j e c t  if he wa s r e ad y ,  
and s t ar· ted the tape r ecorder a t  the f ir s t  s e t  o f  exp er im enta l s t imu lu s  
t ones . Th e measuremen t s  of the vo :i. c e  r eac tion t i� e s  -.rer e  r ec or d ed by the 
exp erjment e r  on a d a t a  s he e t  a f ter each s t imulus-r e sp o n s e  p a ir and the 
c oun t er was r e s e t  to z ero . Re s p o n s e s  which wer e j ud ged by the exp e r imenter 
t o  be inapp r o pr ia t:e due t o  ob servab l e  s tu t ter ing b ehav ior , *  s<wal l owing , 
c ou ghing , or obvious d i s t r a c t i on wer e mar ked on the d a t a  s h e e t  and 
e l imina t ed f rom d a ta analy s i s . The nex t app r o p r i a t e  r e s p o n s e  wa s then 
r e c o rded in i t s  p l a c e . S t imu lu s t o n e s  wer e  p r e s e n t ed un t il the subj e c t  
had prod u c ed e l ev en appropr i a t e  r e spons e s  in each s e t .  
Repeatab ility 
S ix subj ec t s .  one s tu t t e r e r  and one nons tu t t erer f r om each o f  the 
three a g e  leve l s , wer e randomly s el e c t ed in o r d e r  t o  inv e s t iga te intra-
sub j e c t  t e s t-r e te s t  repea tabil i ty o f  VRT measurement . Each o f  the s i..x 
subj ects was readmin i s t ered t he entire exp er h1ental p r o c edur e (T e s t  2 )  
not l e s s  t han one week f o l l o wing the adm inis tr a t ion o f  the or i g ina l 
t e s t  ( ! e s t  l ) . The Bonf err oni method f o r  mu l t ip l e  c ompa r i sons (Neter 
and l·!e s serma n ,  19 7 7 )  was u t i l i z ed t o  d e t e n,l ine if the mean VRT o b t a ined 
in Tes t 2 for each of the s ix subj e c t s  d i f f er ed s ignif ican t l y  at the f ive 
-
p er c en t  lev e l  o f  c on f id enc e from tha t  o b t a ined in T e s t  1 f o r  each o f  the 
f i.ve r e s p o n s e  s e t s . The d i f f er en c e  b e  t�.reen the mean VRT f o r  T e s t  1 and 
*lb n e  of tbe: f if ty- f cu:r S'.l b j e c t s  exhib i t ed o b s e rv a b l e  s tu t t er ing 
b ehavio r  du:ring phon a t io n  of any of the vocal r e spons es . 
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Tes t 2 was analy z e d  w i th r es p e c t  t o  the ov erall  me an vari ance calcu l a t ed 
f or s e t s  o ne through f ive f o r  Tes t 1 .  Tab l e  3 disp lay s  the r e s u l t s  ob t a i ned 
f rom the tes t- r e te s t ana ly s i s . No  s i gni f icant d i f f er en c es were f ound 
b e tween the mean VRT for Tes t 1 and T es t  2 for any o f  the s ix subj e c t s . 
The measur emen ts o f  VRT ob tained in thi s  s tudy we r e  theref o r e  cons i d ered 
to  b e  r e l i ab l e .  
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TAB LE 3 
INTRASUBJECT TEST- RETEST ANALY S I S  WITH RE SPECT TO THE D I FFERENCE B ETWEEN 
THE MEAN VOICE RFACT ION T IME FOR TEST 1 AND TE ST 2 
FOR EACH OF FIVE RESPONSE SETS . 
D i f f er ence ( T e s t  1 
minus T es t  2 )  B etween 
Subj e c t  S e t  the Heans (ms ec . )  t-S t a t i s t i c * 
JT 1 1 2  0 . 6 3 
( Adul t 2 - 1 8  0 .  9 4  
Nons tut terer)  3 - 1 2  0 . 6 3 
4 - 2 5 l .  30 
5 - 2 4  l .  2 5  
S B  1 0 0 . 00 
( 9  Year 2 1 9  0 . 81 
No ns t u t t e r e r )  3 - 4 4  l .  8 8  
4 - 1 1  0 . 4 7 
5 3 0 . 13 
BR 1 1 9  0 . 4 9 
( 5  Year 2 - 3 8  o .  9 8  
No ns t u t t e r e r )  3 - 2 5 0 . 6 5 
4 - 1 0 2  2 . 0 1  
5 - 5 7  l .  4 7 
KP 1 - 2 2  l .  6 9  
(Adul t  2 2 1  l .  6 1  
S tu t terer ) 3 - 3  0 . 2 3 
4 1 7  l .  3 1  
5 11 0 . 8 4 
s c  1 5 0  l .  3 3  
( 9  Year 2 5 7  1. 5 1  
S t u t t er er )  3 - 1 3 0 . 3 4 
4 3 6  0 . 9 5 
5 - 5  0 . 1 3 
CJ l - 5 1  1 .  2 8  
( 5  Y ear 2 - 4 2  l .  0 5  
S tu t te r e r )  3 20 0 . 50 
4 - 2 6  0 . 6 5 
5 - 3 2  0 . 80 
*Any value g r eater  than 2 . 8 8 i s  s igni f i cant at th e . 0 5 l ev e l .  
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RESULT S 
P r ev i ous r e s e ar ch (Cross  and Shadden , 1 9 7 7 )  has i nd i c a t ed tha t  a 
sub s t ant i a l  d e c r ease i n  vo i c e  r eac tion  t i me i s  ob s e rv e d  b e tween r es p onses 
o ne and two for each set  for b o th s tu t t erers  and nons t u t t erers . The 
longer VRTs f o r  the f ir s t resp ons e in each s e t  is i nterpr e ted as the 
r e s u l t  of a l es s er s ta t e  of r e adine s s  to resp o nd due to the ab s ence o f  
a p r e c ed i ng s t imu lus cue t o  s e rv e  as a prep aratory warning s i gnal . Th e 
f i r s t res pons e in each s e t  i n  th is  s tudy , ther e f o re , was excluded f rom 
data analys i s . Th e mean vo i c e  r e a c t i o n  time and var i ab i li ty for  each 
sub j ec t  were b as ed on resp ons es two through e l even in each se t .  Thi s  
y i e l d ed a t o t a l  o f  f i f ty r esp ons es p e r  subj e c t . Th e d a ta were analy zed 
to i nves t i g a t e  the ef f ec t s  of  thr e e  exp erimental va r i ab l es of  Ag e ( f iv e  
years  old , n i n e  y e ars o l d , and adu l ts ) , Group ( s t u t t er ers  and nons t u t t er ers ) ,  
and S e t  (one through f iv e )  on vo i c e  r eac t io n  t ime p e r f o rmance . Analys i s  
o f  variance p r o c edur es wer e  emp loye d t o  i nv e s t i g a t e  i f  the r e  wer e s igni f i­
c an t  d i f f erences among the thr ee exp er imental  var i ab l es with  resp ec t to  
b o th (1 )  mean vo i c e  r eac t ion t ime p er f ormance , and ( 2 )  intrasubj e c t  
res p ons e va r i ab i l i ty o f  vo i ce r e a c t i o n  t ime . Th e prob ab i l i ty l ev e l  o f  
. 0 5 was s e l ec t ed as a cri ter ion  f o r  s t a t i s t i cal  s i gni f i cance i n  all  
analys i s . The  d a t a  on wh i ch the analy s i s  p ro cedures were b as ed f o r  b o th 
mean re a c t i o n  t ime and i n trasub j e c t  respons e  v a r i ab i li ty a r e  d i sp layed  
i n  Appendi ces D and E ,  r esp ec t iv e ly . 
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M ean Vo i c e  Rea c t i o n  T ime 
The mean , r ang e ,  and s tandard dev iat ion of  v o i ce r ea c tion t ime f o r  
the s tu t t erers  and the nons tut ter ers f o r  each o f  the thr ee ag es f o r  s ets  
o ne thr ough f iv e  are d i s p layed i n  Tab l e  4 .  The g raph i c  r ep r e s e n t a t i on o f  
these me ans i s  s h own i n  F i gure 6 .  A thr ee- f a c tor  analys i s  o f  var i an c e  w i th 
r ep ea t ed m eas ur es  o n  one f ac to r , s e t s , (Wine r , 1 9 6 9 )  was u t i l i z ed to inv es ­
t i g a t e  the e f f e c t s  o f  Ag e ,  G r o up , and S e t  on th e mean vo i ce r ea c t i o n  t ime . 
The r e s u l t s  o f  the analy s i s  o f  variance are s ummar i z ed i n  Tab le  5 and 
r eveal  a nons i gn i f i cant Age x Group x S e t  i n tera c t i o n  (F  = 0 . 96 ,  d f  = 8 ,  
p = . 4 7 ) . Subs equent analys i s  o f  the data i s  p r e s en t ed w i th r e s p e c t  to  
the Age , Group , and Set  e f f e c ts o n  mean voice  r e ac t i on t ime . 
Age e f f e c t  on VRT p er f o rmance . Examina t io n  o f  Tab l e  5 r eveals that 
voi c e  r eac t i on t ime s igni f i c antly d ecreased as the s ubj e cts  incr eas ed in 
age (F = 80 . 6 5 ,  df = 2,  p 
s ig ni f i c ant (F = 1 . 0 4 ,  d f  
. 0 0 0 1 ) . Th e Age x S e t  i nterac tion was non­
S ,  p = . 4 1 )  i nd i c a t ing that  th e p a t t ern o f  
VRT f rom one s e t  to  ano ther was s imi lar f o r  each o f  the th r e e  age group s . 
F i gure 7 d i sp lays the over all mean VRT f o r  the s tu t ter ers and nons tut terers  
o f  each  age and shows th a t  b o th groups  d emo n s t r ated s imi lar p a t t erns o f  
r eduction i n  VRT f rom one age t o  th e nex t .  Th e Age x Gr oup i n t er ac tion  
was also  nons igni f i cant (F = 0 . 6 7 ,  d f  = 2 ,  p = . 5 2 ) . 
The Bonf err oni me thod f o r  mu l ti p l e  compa r i s o ns (Ne t er and Was s erman , 
1 9 7 7 )  was u t i li z ed to i nves t i g a t e  the d i f f er ences b e t\veen th e mean V RT f o r  
each o f  the  three ages . The s e  r e s u l ts are disp lay ed i n  Tab le  6 .  The 
ove r a l l  mean VRT f o r  the f iv e  year old s ub j e c ts was 5 2 2  ms e c . The mean 
VRTs for the nine year old and ad u l t  s ubj e c t s  we r e  3 2 1  ms ec . and 2 8 3  mse c . , 





















MEA� V O I C E  REACTION TD1ES (�1SEC . )  FOR THE STUTTERERS AND NONSTUTTERERS AS A FUNCTION 
O F  AGE ( 5 YEARS , 9 Y EAR S , AND ADULTS )  ��D RE SPO�SE SETS  (ONE THROUGH FIVE) . 
5 YEARS OLD 9 YEARS OLD ADULTS 
MEA::! RANGE SD MEAN RA\JGE SD MEAN RANGE SD  
(rns e c . )  (rns e c . )  (rns e c . ) (rns ec . )  (rns e c . ) (rns e c . ) (rns e c . )  (rns e c . ) (rns e c . ) 
S ET 
1 5 7 0  4 6 8- 81 4  102  350  2 5 9 - 4 1 4  5 1  3 1 2  2 3 7- 3 9 4  4 7  
2 5 3 6  4 2 2- 8 1 1  1 1 3  3 4 2  260- 386  48  2 9 8  2 2 4- 3 5 3  3 5  
3 5 5 2  4 6 5- 7 1 2 7 8  3 4 5  2 8 5- 39 3 3 7  300 2 5 6- 3 5 7 3 3  
4 5 6 9  4 3 2- 7 7 0 100 3 5 0  2 6 1- 4 20 5 7  2 8 7  2 3 8- 3 8 7  4 3  
5 5 8 1  4 6 9 - 7 8 2  100 3 6 7  26 8- 4 5 2  6 2  3 0 4  2 6 1- 4 49 5 9  
- - -
MEAN 5 6 2  3 5 1  300 
SET 
1 480  3 5 1 - 6 1 1  6 7  29 5 2 6 7- 3 2 2  1 9  2 6 4  2 0 3- 3 1 2 3 1  
2 4 7 6  3 7 3- 6 4  7 8 3  2 8 8  2 2 6- 3 3 7  3 3  2 7 2  2 2 6- 3 1 1  2 8  
3 49 2 3 9 8- 7 6 7 1 14 2 9 5  2 2 7- 34 6  3 3  2 6 5  2 2 8- 2 9 1  2 6  
4 4 8 8  364-6 7 2  9 8  2 9 3  2 6  7- 3 39 2 3  2 6 1  1 9 2- 30 2  3 3  
5 4 7 9  30 7- 6 2 7  9 8  2 8 7  2 4 3- 3 3 7  3 6  2 7 6  208- 30 4 29 
- - -
M EAN 4 8 3  29 2 2 6 8  
MEA::! 
(rns e c . )  
4 1 1  
3 9 2  
3 9 9  
4 0 2  




3 5 1  
3 4 7  
3 4 7  
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RESPONS E S ETS 
F igure 6 .  Mean vo i ce r ea c t i o n  t ime (VRT ) f o r  the f iv e  y e ar o ld ( 0 e ) , 
nine year o l d  ( b. A ) , and adu l t  ( 0 a ) s t u t t e rers  ( o p e n  
symb o ls )  a n d  no ns tut t e r e rs ( f i l l e d  s ymb o ls )  f o r  r es p on s e  




SlJMM.A.RY O F  THE ANALY S I S  OF VARIANCE FOR THE FACTORS AGE , GROUP , AND SET \HTH REP EATED 
MEASURES ON SET \HTH RESPECT TO THE HEAJ.\l" V O I C E  REACT ION T IME . 
s s  d f  HS F p 
BETWEEN SUBJECTS 4 0 8 6 3 4 1 .  7 3  5 3  
AGE 2 9 6 2 2 5 1 . 7 3  2 1 4 8 1 1 2 5 . 8 7 80 . 6 5 . 00 0 1  
GROUP 2 1 8 1 3 4 . 8 7 1 2 1 8 1 3 4 . 8 7 1 1 . 8 8 . 0 0 1 2  
AGE x GROUP 2444 3 . 0 8 2 1 2 2 2 1 .  5 4  0 . 6 7  . 5 2 
SUBJECT (AGE x GROUP ) 881 5 1 2 . 0 4 4 8  1 8 36 4 . 8 3 
\HTHIN SUBJ E C T S  1 4 1 0 5 8 . 5 5  2 1 6  
S E T  5 5 5 9 . 9 9 4 1 39 8 . 9 9 2 . 2 4 . 0 7 
AGE x SET 5 1 9 4 . 0 2 8 6 49 . 2 5 1 .  0 4  . 4 1 
G ROUP x SET 56 0 5 . 6 5 4 1 40 1 . 4 1 2 . 2 4 . 0 7  
AGE x G ROUP x S ET 4 8 1 3 . 10 8 6 0 1 . 6 4 0 . 9 6 . 4 7 
SUBJECT x SET  
(AGE x GROUP ) 1 19 8 8 5 . 7 9 1 9 2  6 2 4 . 4 1  
U' 
'--.1 
5 8 0 -
5 4 0  
4 6 0  
u r.LI 
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SUBJECT ' S  AGE 
F i gure 7 .  Ov er a l l  mean v o i ce rea c t i o n  t imes (VRT ) 
f o r  th e f ive y e 2. r  o l d ,  nine y e ar o l d ,  
and adul t  s tu t t e rers and no ns t u t terers 
( s e ts comb i ned ) . 






ANALY S I S  OF  THE D I FF ERENCE BETWEEN THE MEAN VOICE REACTI O N  TIMES 
FOR EACH OF TlffiEE AGES (COLLAP S ED ACRO S S  GROUP S )  UTILI Z ING 










* S i gn i f i c an t  at 
>'o'< S ign i f  i c an t a t  
* * * S igni f i cant a t  
( NETER AND WAS S ERMAN , 1 9 7 7 )  
MEAN t-S t a t i s t i c  
5 2 2  
4 8  
3 2 1  
5 2 2  
4 8  5 . 30*** 
2 8 3  
3 2 1  
4 8  1 . 0 0  
2 83 
the . 05 level 
th e . 0 1 l evel 
th e . 00 1  level  
*** *Th e  4 8  degr ees of  f r ee d om were cal cul a t ed u s i ng t h e  mean 
s quare er ror  f r om the analy s i s  of v ar i ance . 
69  
70  
the adu l t s  \vere  s i gni f i can t ly shor t er than those  of  the  f ive year o l ds . 
A l th o ugh , the d i f f er ence b e tween the ni ne year o ld s  and adults  was non­
s igni f i cant , the ni ne y e ar o l d s  exhib i ted VRTs wh i ch wer e  cons i s tently 
longer than th o s e  o f  the adu l t s . Th e decr eas e in mean VRT b e tween the 
f iv e  y ear o l d  and the nine y ear old s ubj e c t s  was 200 ms e c .  accounting 
f or 8 4  p e r c ent o f  the t o t al reduc t i o n  i n  VRT acr o s s  a l l  ages ( 2 3 8  ms e c . )  
wh er eas the d i f f er ence b e tween the nine year o lds and adul ts was o nly 
3 8  ms e c . , or  16 per cent o f  the t o t al d e cr ease i n  VRT . Thus , th e mo s t  
s ub s tant i a l  d e c rease i n  VRT oc curred b e tween th e ages o f  f ive and nine 
y ear s w i th l e s s  o f  a decrease in  VRT b e tween the nine y ear o lds and 
adul ts . 
S e t  e f f e c t  o n  VRT perfo rmanc e .  As no t ed i n  the p r ev i o us s ec ti o n , 
the Ag e x S e t  interaction  proved to b e  no ns i gni f i cant i nd i c a t ing tha t 
age had l i t t l e  d emons trab l e  e f f e c t  on the p a t tern o f  mean VRT a c r o s s  
r esponse s e t s . F igure 8 d i s p lays th e mean V R T  f o r  b o th t h e  s tu t t erers  
and the nons tut t er ers  ( co l l ap s ed acro s s  Age )  for  each of  the f ive s e t s . 
A l th ough th e Group x S e t  inter a c t ion  was s ta t i s t i ca l ly nons i gni f i cant 
( F  = 2 . 2 4 ,  df = 4 ,  p . 0 7 )  i ns p ec t ion  o f  Figur e 8 ind i c ates  th a t  th e 
s tut terers app eared to demons trate  a respons e  p a t tern di f f erent f r om that 
of the no nstu tt erer s . Th e s tu t ter ers , as a group , demons trated a 
decrease  in  mean VRT f rom s e t  one (mean = 4 11 ms ec . ) to s e t  two (mean 
3 9 2  ms e c . )  of 19 msec . This ini t i a l  decr ease in VRT was sub s eq ue n t ly 
f o l lowed by a gradual increase i n  r e sp o ns e  t ime with s e t  thr e e  (mean = 
3 9 9  mse c . ) , s e t  four  (mean = 4 0 2  ms e c . )  and s e t  f iv e  (mean = 4 1 7  ms e c . ) .  
The nons t u t terers , h owever , demons t rated  l i t t l e  o r  no  var i a t i on i n  mean 
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F igure  8 .  He;1n vo i ce r e a c t i o n  t imes (VRT ) f o r  s tu t t e rers  and no n­
s t u t t e r ers ( all ages  comb ined)  f o r  each o f  the  f ive 




7 2  
a t tain the i r  mos t ef f i cient mean VRT b y  s e t  one t h e  s t u t terers  d i d  no t 
reach this level unt i l  se t two and then demo n s t r a t e d  a cons i s tent increase 
i n  VRT wi th each add i t i onal res p ons e s e t .  
In  v iew o f  the ob s erved di f f erences wi th resp e c t  to th e r es p on s e  
trends b e tween t h e  s t u t t erers  and t h e  nons tu t t e r er s  the main ef f e c t  f o r  
S e t  should b e  approached w i t h  cau t io n  (F = 2 . 2 4 ,  d f  4 ,  p = . 0 7 ) . Al though 
the F ratio and the p r ob ab i l i ty value f o r  S e t  are s imi lar t o  tho s e  f o r  
the Group x S e t  i n t erac tion t h e  p r ima ry sour ce o f  variation for  t h e  main 
e f f e c t  ap p ears t o  origina t e  w i th the s tu t t erers . 
Group e f f ec t  on VRT per f o rmance . Examina t ion o f  Tab le 5 and 
F igure 7 revea l s  tha t  the  s tu t terers , as a group , demons trated  s l ower 
VRTs than th e nons tut terers  and that the d i f f erence was s i g ni f i cant 
(F 1 1 . 8 8 ,  df = 1 ,  p = . 00 1 2 ) . A nons igni f i cant Age x Group i n t erac tion 
(F  0 . 6 7 ,  d f  = 2 ,  p = . 5 2 )  f u r ther i ndicates  t h a t  t h e  s tu t t er ers  exhi­
b i t e d  s lower VRTs than the nons tutter ers  at each of the th ree  ages . 
A l though no s i gni f i cant Age x Group i nterac tion was obs erved i n  the data , 
f u r ther examination o f  Figur e 7 i ndica t es th a t  th e d i f f er ence i n  VRT 
b e tween the f ive y e ar old s tu t t e rers and nons tu t t er er s  was 79 msec . 
wh i l e  the d i f f er en c e  b e tween the nine y e ar o ld s  was 59 ms e c .  The adul t s  
showed a n  even smaller d i f f e r ence o f  3 2  ms e c . Thus , al tho ugh the s tut­
terers exhib i t ed s i gni f i can t ly s lowe r VRTs than the s tu t t erers at  all  
age  levels  the r es p e c tive d i f f er ence b e tween the two groups decr eased  
as  the  sub j e c t s  increas e d  i n  age . 
V ar i ab i l i ty o f  V o i c e  Reac tion Time 
A th ree  f ac tor analys is  o f  varian c e  ( ANOVA) wi th r ep eated measures 
o n  one f ac tor , S e t , (Winer , 1 9 6 9 ) was u t i l i z e d  t o  i nv es t i ga t e the  ef f e c t s  
7 3  
o f  the f a c to r s  o f  Ag e ,  Group , and S e t  o n  the i ntrasub j e c t  r es ponse var i ­
abi l i ty o f v o i c e  rea c tion t ime . The cr i terion meas ure used  i n  the  ANOVA 
proc edure was th e log  o f  the variance ( Ne ter and Was s e rman , 1 9 7 7 )  c al cu­
l ated  f rom the t e n  resp ons es  p roduced hy each subj e c t  f o r  each o f  the 
f ive respon s e  s e ts , p rovi d i ng an es t ima t e  o f  each s ub j e c t ' s  respons e 
v ar i ab i li ty . S ince var iance i s  no ted  to  h e  wide  d i s trib u t ed and no t 
h e terogen eo us a tr ans f o rm a t i on o f  the d a t a  to  the l o g  o f  the var i ance 
was conduc t ed in o r d er to  mor e clos e ly appr oxima t e  a normal dis t r ib u t ion . 
Tab l e  7 d i s p lays the mean log o f  the var i ance f o r  e ach o f  the five  r e s po ns e  
s e ts . Th es e d a t a  are  also  d i s p lay ed graphi ca lly i n  F i g ur e 9 .  The s um­
mary o f  the ANOVA is shown in Tab l e  8 and r eveals a nons igni f i cant Age  x 
Group x S e t  interac t ion ( F  = 1 . 7 7 ,  d f  = 8 ,  p = . 0 9 ) . Sub s e quent ana ly s i s  
o f  the d a t a  i s  p r e s en ted w i th r e s p e c t  t o  Ag e , Group , and S e t  e f f ec t s  o n  
var i ab i l i ty o f  vo i c e  reac tion t ime . 
Age e f f e c t  o n  intr asubj e c t  VRT var i ab i li ty .  I ns p e c t ion o f  Tab l e  7 
and Figure 9 r eveals tha t  i n trasub j e c t  variab i l i ty o f  VRT d e creas ed as 
an inv er s e  f unc t i o n  of age . The comp u ted  ANOVA ( s e e Tab l e 8 )  r ev e al e d  
a nons i gni f i c ant A g e  x S e t  i n teraction  (F  0 . 7 1 ,  d f  = 8 ,  p . 6 8 )  s ug-
ges t i ng that chan g e  in r e s p onse variab i l i ty across  s e t s  was s imilar f o r  
each o f  the th r e e  a g e  group s . F i gure 1 0  d i sp l ays t h e  mean log o f  the 
variance (MLV) co l l ap s ed acr o s s  s e ts f o r  the f iv e  y e a r  o ld ,  nine y ear o ld , 
and adu l t  s tu t t erers and nons t u t t erers as well  as the over a l l  MLV f o r  each 
age leve l .  The ANOVA als o  revealed a nonsigni f i cant Age x Gr oup int er­
a c t i on ( F  = 1 . 36 ,  d f  = 2 ,  p = . 2 7 )  i ndi c a t i ng tha t b o th the s tu t t er ers  
and the  nons t u t t er ers  exh ib i ted s im i l ar p a t t er ns o f  decreas e  in  r e s p onse 
v ar i ab i li t y  f rom one age to the nex t . Th e s ub s equent tes t for the ma in 
e f f ec t  f o r  Age was s i gni f i cant ( F  = 9 0 , df = 2 ,  p = . 000 1 ) . 
TABLE 7 
MEAN LOG OF THE VARIANC E (MLV ) FOR THE STUTTERERS AND NONSTUTTERERS 

















AND RESPONSE SETS (ONE THROUGH FIVE) . 
5 YEAR OLDS 9 YEAR OLDS 
(HLV ) (HLV ) 
3 .  9 2 48 3 . 7 0 8 9  
3 . 8386  3 . 6 5 6 4  
3 . 9 0 9 0  3 . 6 9 7 8  
3 . 8 9 8 5  3 . 6 3 4 7  
4 . 0 1 9 1  3 . 6 7 9 7  
3 . 9 1 80 3 . 6 7 5 5  
3 .  8 1 1 6  3 . 4 0 3 5  
3 . 6 6 3 4 3 . 2 5 9 3  
3 . 8 4 9 3  3 . 3 1 6 3  
3 . 8 5 5 9  3 . 4 1 9 9  
3 . 7 8 3 8  3 . 4 2 86 
3 . 7 9 2 8  3 . 36 5 8  
ADULTS 
(HLV ) 
3 . 3 3 4 8  
2 . 9 9 6 7  
3 . ] 8 !+ 7  
3 . 0 2 2 5  
3 . 1 4 0 2  
3 . 1 3 5 8  
2 . 9 30 5  
3 . 0 1 7 3  
2 .  7 7  4 6  
2 . 9 3 3 7  
3 . 2 2 8 2  
2 . 9 7 6 9  
HEAN 
(HLV ) 
3 . 6 5 6 1  
3 .  49 7 2  
3 . 5 9 7 2  
3 . 5 1 8 5  
3 . 6 1 2 9  
3 . 5 7 6 2  
3 . 3 8 1 8  
3 . 3 1 3 3 
3 . 3 1 3 5  
3 . 40 3 1  
3 . 4 80 2  
3 . 3 7 8 4  
7 4  
4 . 0  
3 . 9  
I'-< 3 . 8  
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F i gu r e  9 .  o'lean lo g o f  t h e  v a r i an c e  o f  vo i c e r e a c t i o n  t imes f o r  t h e  
f i v e  y e ar o l d ( o • ) , n i ne y e a r  o l d  ( t:. A ) , and adu l t  
( 0 • ) s t u t t e r e r s  and nons t u t t e r e r s  f o r  r es p o n s e s e t s  





SUMMARY OF THE ANALY S I S  OF VARIANCE FOR THE FACTORS AGE , GROUP , 
AND S ET , WITH REP EATED MEASURE S ON SET W I TH RE SPECT TO 
THE LOG OF THE VARIANCE OF VOICE REACT ION T INE . 
SOURCE s s  d f  H S  F p 
BETWEEN SUBJECTS 39 . 7 3 39 5 3  
AGE 2 8 . 9 8 46  2 1 4 . 49 2 3  9 0 . 7 5 0 . 0 0 0 1  
GROUP 2 . 6 4 7 0  1 2 . 6 4 7 0  1 6 . 5 8 0 . 00 0 2  
AGE x GROUP 0 . 4 3 5 8  2 . 2 1 7 9  1 .  3 6  0 . 2 7 
SUBJECT 
(AGE x G ROUP ) 7 . 6 6 6 5  4 8  . 1 5 9 7 
WITHIN SUBJECTS 1 4 . 4 1 7 9  2 1 6  
SET 0 . 6 7 40 4 . 16 8 5  2 . 6 6 0 . 0 34 
AGE x SET 0 . 3 5 89 8 . 0 4 4 9  o .  7 1  0 . 6 8 
GROUP x S ET 0 . 3 30 1  4 . 0 8 2 5  1 .  3 0  0 . 2 7 
AGE x GROUP x 
SET 0 . 89 6 7  8 . 11 2 1  1 . 7 7 0 . 09 
SUBJECT x S ET 
(AGE x GROUP ) 1 2 . 1 5 8 2  1 9 2  
7 6  
J . 9  
3 . 8 
H 
r::d 3 . 7 :> 
r::d 
0 � 
r.:..l 3 . 6  u 7 � 
H 
r::d 3 . 5 ....r; 
:> 
w 
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SUB Tr rT ' S  i\G E 
Figure 10 . l'!ean l og o [  t l 1 c  var iance f o r  t h e  Li v e  y e ar 
o ld , ni ne year o ld , and adu lts  s t u t ter e r s  
and nons t u t t erers c o l lapsed acr o s s  s e ts , 
as we l l  as the mean log  o f  the v ar ian c e  
for  e a c h  a g e  leve l c o l lap s ed acr o s s  group s  
and s e ts . 
7 7  
7 8  
Tab l e  9 s ummar i zes  the p os L h o c  comp aris ons b e tween the HLV f or 
the f ive year  o ld (me an = 3 . 8 5 5 4 ) , nine year old  (mean 3 . 5 20 5 ) , and 
adu l t  (me an = 3 . 0 5 6 0 )  subj e c t s . S igni f i cant d i f f erences wer e f o und 
b etwe en e ach o f  the thr e e  age  me ans indi cating th at al though the mean VRT 
f o r  the ni ne y ear o ld ch i l d r en app roxima t ed that o f  the adul ts , intra­
s ub j e c t  r es pons e v ar i ab i l i ty continued to show a ma rked d e creas e  b eyond 
thi s  age . The p r o p o r t i o nal reduc t i on i n  resp ons e v ariab i l i t y  b e tween 
f iv e  and nine years  of age was 42 p e rcent of th e t o tal  redu c tion acr o s s  
a l l  a g e  g r oups wh i le th e d e cr eas e b e tween the nine y e a r  o l d s  and adu l t s  
was 5 8  p er cent . 
S e t  e f f e c t  o n  intrasub j ec t  VRT va r i ab i l i ty .  As no t e d  in th e p r e­
c ed i ng s e c t i o n , the  Age x S e t  i n t e rac tion  was nons i gni f i can t ind i cat ing 
tha t the p a t tern o f  chang e in r e s p ons e variab i l i ty from one s e t  to ano the r  
d i d  no t d i f f er s i gni f i cantly a s  a f unc t io n  o f  the age o f  th e s ub j e c t s . 
F igure 1 1  d i s p lays the NLV f o r  the s tu t terers  and the nons t u t te rers  c o l­
l ap s ed acro s s  Age f or r e s p onse s e t s  one thro ugh f iv e  as we l l  as the MLV 
f o r  e ach s e t  c o llapsed across  Age and G r o up . Both the s tu t t e rers and 
the nons tut terers app e ared to demons trate  s i mi l ar p a t terns o f  v a r i ab i l i ty 
a cr os s  the r e s p ons e se ts . Th i s  ob servation was s up p or t ed b y  a nons i gn i f i-
cant Gr oup x S e t  i nterac t i o n  (F = 1 . 30 ,  d f  
t h e  main e f f e c t  f o r  S e t  w a s  s igni f i cant ( F  
4 ,  p = . 2 7 ) . The tes t f o r  
2 . 6 6 ,  d f  = 4 ,  p = . 0 3 ) ' 
howeve r ,  sugges t ing that  th e overall  subj e c t  var iab i l i ty d i f f er ed b e tween 
s e ts . Re s u l t s  o f  the p o s t ho c comparisons b e t\veen s e t  MLVs a re shmvn i n  
Tab le 1 0 . Nons i gnif i cant d i f f er ences were f ound b e tween all  p o s s ib le 
c omb i na t i ons of s e ts ind i ca t ing tha t  th e Bonf erroni t es t for  mul t i p l e  








ANALY S I S  OF THE D I FFERENCE B ETHEEN THE MEAN LOG OF THE VARIANCE 
(MLV ) FOR EACH OF THE THREE AGES ( COLLAP S ED ACRO S S  GROUP S )  
UTILIZING THE BONFERRONI METHOD FOR MULTIPLE COMPARI SONS . 
AGE MEAN 
YEAR OLDS 3 . 8 5 5  
vs . 
YEAR OLDS 3 . 5 2 1  
YEAR OLDS 3 . 8 5 5  
v s . 
ADULTS 3 . 0 56 
YEAR OLDS 3 . 5 2 1  
vs . 
ADULTS 3 . 0 5 6  
S i a n i f i ca n t  a t  t he . 0 5 l ev e l  
S i g n i f i c a n t  a t  t h e  . 001 l ev el 
d f  t- STAT I STIC 
4 8  2 . 5 2* 
48 6 . 04** 
48 3 . 52 ** 
79 
3 .  7 0  
3 . 6 5 
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F igure 1 1 . Mean log o f  t�e variance f o r  the s t u t t er e rs and nons t u t t e r e r s  
(co l l ap s ed a cro s s  ages ) f o r  s e t s  o ne thro ugh five, as we l l  a s  
t h e  m ean log o f  the variance f o r  e ach s e t  co l l ap s e d  acro s s  
gr o up s and ages . co c 
TABLE 1 0  
ANALY S I S  OF T HE D IFFERENCES BETWEEN THE MEAN LOG O F  T H E  VARIANCE 
(HLV) FOR EACH OF THE FIVE RE SPONSE SETS (COLLAP SED ACRO S S  AGE 
AND GROUP ) UTILIZING THE BONFERRON J METHOD 
OF MULTIPLE COMPARISONS . 
8 1  
SET HEAN 
BONF ERRON I  HULTIPLE Cot-1PARI SON 
TEST* 
1 3 . 5 1 89 + 
2 3 . 40 5 3  
3 3 . 4 5 5 4  
4 3 . 4 6 0 8  
5 3 . 5 4 6 6  + 
* A ve r t i cal  line connec t ing any two m eans i nd i c a tes no 
s i gn i f i cant d i f f e rence b e tween tho s e  me ans (£ = O S ) . 
8 2  
cons i s t e n t ly l ower . Al tho ugh th ese  comparis ons w e r e  no ns igni f i c an t , 
i ns p ec tion  o f  F igur e 1 1  s ugges t s  a p a t tern in th e d a t a  char a c t er i z ed b y  
an i ni ti a l  r educ t ion in r esponse variab i l i ty f rom s e t  one (mean - 3 . 5 1 8 9 )  
t o  s e t  two (mean = 3 . 4 0 5 3 ) f o l lowed by an increa s e  i n  vari ab i l i ty b e tween 
e ach of  the add i t ional sets  a t ta ining a maximum value o n  s e t  f ive (mean = 
3 . 5 4 6 6 ) . 
Group ef f ec t  on  intrasub j e c t  VRT var i ab i li ty .  Ins p ec t i on o f  
Tab l e  7 ( p . 7 4 )  r eveals that the s tu t t er ers d emons t r a t e d  a greater  intr a­
s ub j e c t  variab i li ty i n  VRT p er f orman ce than the non s t u t t e rers . The over­
a l l  MLV co l l ap s ed across  Ag e and S e t  was 3 . 5 7 6 2  f o r  the s tu t terers and 
3 . 3 7 84 for the nons t u t t e r er s . Thi s  d i f f er ence in i ntrasub j e c t  va r i ab i l i ty 
was s upp or ted  b y  a s i gni f i cant main ef f e c t  for  Gr oup (F = 1 6 . 5 7 ,  d f  = 1 ,  
p = . 000 2 )  as shown i n  Tab le  8 ( p . 7 6 ) . As p r evi ous l y  no ted , th e Group 
and Age i nt erac tion  was no ns igni f i cant ( p . 7 2 )  wi th b o th groups exh ib i ti ng 
a s i gni f i can t decreas e  i n  r e s p ons e var i ab i l i ty w i t h  an i n cr e ase i n  age . 
B o th gr oup s also  d emons trated  s imi lar p a t terns o f  MLV acro s s  the response  
s e ts char ac t er i zed by an  i ni ti a l  d e crease f rom s e t  o ne t o  set  two f o l­
lowed b y  a s ub s equent increase wi th each add i t ional s e t  o f  resp ons e s . 
Thus , whi le b o th g ro up s  o f  s ubj e c t s  e xhib i ted s im i l ar pa t t erns o f  i n t r a­
s ubj ec t var i ab i l i ty acr o s s  ages as w e l l  as acr o s s  respons e  s e ts , th e 
s tu t terers cons i s tent ly d emons tr a t ed a s i gni f i c an t ly greater  deg r e e  o f  
i n t r as ubj e c t  i ncons i s tency i n  their vo i ce rea c t i on t ime p e r f o rmance than 
the nons t u t t er ers . 
CHAPTER IV 
D I S CU S S ION 
I n t erp r e t a t io n  o f  the r es u l t s  ob ta ined in this  s t udy are p r e s e n t ed 
w i th r e s p e c t  t o : ( 1 ) the e f f e c t  o f  age on the v o i c e  r e ac t i on time p e r-
f o rmance o f  s tu t terers  and non s t u t t er ers , ( 2 ) gr oup d i f f e rences in  vo i ce 
r eaction t ime p e r f o rmances , and ( 3 )  th e e f f e c t  o f  p ra c t i c e  ( S e t  e f f ec t )  
o n  vo i c e  r eac tion time p e r f o rmanc e .  Each o f  t h e s e  f a c t ors  wi l l  b e  d i s ­
cus s ed wi th r esp e c t  to  the i r  e f f ec t s  o n  b o th vo i ce r eac t i on t ime and 
int ras ubj e c t  r e s p onse variab i li ty . 
Age and Vo i c e  R eac tion T ime P e r f o rmance 
The mean voice  reac t io n  t im e  as we l l  as intrasub j e c t  res pons e 
v ar i ab i l i ty d ecreased  s igni f i cantly w i t h  an incr ease  in  age f or b o th 
t he s tu t t e r er s  and the nons tut t e r er s . A signi f i c ant r educ t i o n  in mean 
vo i c e  reac t i o n  t ime o ccurred b e tween f iv e  and nine y e ars o f  age . The 
d i f f erence i n  VRT b e tween the nine y e ar o lds and adu l ts was nons igni f i cant , 
alth ough th e nine y e ar o l ds e xh ib i t ed m ean VRTs wh i ch were  cons is t e n t ly 
longer than the adul ts . The wi thin- s ubj e c t  v ar i ab i li ty s howed a co n­
t inued r educ t i o n  f o r  b o th groups acr oss  a l l  age leve l s . I t  was a l s o  
n o t ed tha t  a l though s igni fi cant d i f f erences were obs e rv ed b e tween the 
groups w i th r es p e c t  to b o th the mean and variab i l i ty of VRT , the s tu t­
t er er s  p a r a l l e l ed the nons tu t t er ers  wi th res p e c t  to b o th th e r a t e  and 
and d eg r ee o f  vo i c e  reac t i on p e r f o rmance ch ang e wi th age . Th e ove r a l l  
p er c en t  decreas e  in mean VRT f rom f ive y e a r s  o f  ag e to adul thood  was 
47 p er c en t  and 45 percen t  for the s tu t ter ers and nons tut terers , resp ec­
t iv e ly . I n  add i t i o n , r eduction  in intrasub j e c t  respons e  variab i l i ty 
was 20  p er c en t  f o r  the s tu t t er ers  and 2 2  p erc ent f o r  th e nons tut terers . 
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The obs erved decre a s e  i n  the mean vo i c e  r e a c t ion  t imes as <ve l l  as 
res p onse var i ab i li ty wi th increas e d  age is cons i s t en t  wi th p revi ous 
i nv e s t i g a t i o ns on th e development a l  p a t t e rn o f  s imp l e  moto r r eac t i on 
t ime in  normal s ub j e c ts (Goodenough , 1 9 3 5 ; J o nes , 19 3 7 ; C z udner and 
Rourke , 1 9 7 2 ;  Ro urke and C zudner , 1 9 7 2 ;  E l l i o t t , 1 9 70 ) . Go od enough ( 1 9 3 5 )  
and Jones ( 1 9 3 7 ) , f o r  examp l e , each tes ted a large s amp l e  o f  no rmal 
chi ldren (N = 2 5 0 )  r angi ng in age f rom two- and- a-h a l f  to  e leven- and- a-ha l f  
years o f  a g e  o n  a f i nger t ap respons e t a s k  t o  aud i to ry s t imuli . A 
regular , p r og r es s iv e  decr ease  i n  b o th mean RT as  we l l  as i n t rasub j e c t  
response v ar i ab i l i ty was ob s e rv ed through nine y e a rs o f  a g e  decreas ing 
mo r e  g radual ly unt i l app roxima t ing adul tlike  p e r f o rmance b y  ab o u t  twe lv e  
y e ar s . F igur e 1 2  d i s p lays th e mean VRT f o r  the s tu t t erers and the non­
s tu t te rers u t i l i ze d  in th i s  s t udy as w e l l  as t h e  mean f inger tap r esp ons e 
t imes rep o r t e d  b y  Good enough ( 1 9 3 5 )  a t  the s ame ages . I t  i s  clear  that 
a l though the ove r a l l  vo i ce r e ac tion t imes are l onger than th e f inger 
r e a c t i o n  t imes the s imi l ar i ty b e twe en res ul ts ob t a ined i n  this  and G o o d­
enough ' s  s t udy wi th r e s p e c t  to th e dev e lopmen t a l  p a t t e rn acro s s  ages i s  
drama t i c .  The g re a t e r  decrease  i n  RT f o r  al l s ubj e c ts oc cu rred b e tween 
the ages o f  f iv e  and nine years  wi th s i gni f i can t ly l e s s  change b e tween 
nine y e ars  and adu l thood . 
The f as te r  VRTs as \ve l l  as the increa s e  i n  respons e s t ab i l i ty \vi th 
age o b s e rv ed i n  this  s tudy ap p ear to  r e f l e c t  the co u rs e  i n  deve lopment 
o f  the neuro-phy s io logical  i n t e g r i ty o f  the indivi dual . More s p e c i f i c a l ly , 
evidence has shmro th at  the increase i n  b o th the s p e e d  and s t ab i li ty i n  
execut i ng mo t o r  r e a c t ion tasks may b e  a t trib u tab l e p rima r i ly t o  maturation 
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Figure 1 2 .  Overa l l  mean voic e re ac t ion t ime s for  the 
f ive year o l d , n ine yea r o ld , and a d u l t  
s tu t t e re r s  and nons tu t t e r e r s , a s  wel l a s  t h e  
mean f inger tap  r ea c t i o n  t ime s r e p o r t e d  by 
Goodenough ( 1 9 3 5 )  f o r  subj e c t s  of the s ame 
age . 
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of  c en t ra l  p ro ce s s ing cap ab i l i t i es . Wei s s  ( 19 6 5 )  and Bo twini ck and 
Thomp son ( 1 9 6 6 )  f o r  examp l e , repo r t e d  th at  the me chani c a l  respons e t ime 
f o r  mo tor  reaction  t asks i s  una f f e c t e d  by the age o f  th e s ub j e c t , indi-
e a t ing tha t  v ar i a t ion in reac t io n  t ime p e r fo rmance f or no rmal s ub j e c ts 
i s  as s o cia t ed w i th p remo t o r  ra ther th an mechani cal  f a c to rs . Dus tman and 
B e ck ( 19 6 5 )  inves t i gated th e latency o f  s ens ory t ransmi s s i on as a f un c t i o n  
o f  age  and r ep o rted  t h a t  the l a t ency o f  t h e  ini t i al \vave o f  t h e  evoked 
p o ten tial  f o r  b o th vi s ua l  and audi to ry s t imul i  was the s am e  f o r  b o th s i x  
year o ld and s i x t e en year o l d  s ubj e c ts . Fur th e r , Hagla dery ( 19 5 9 )  inv es -
t i gated the  mo t o r  ne rve co ndu c t ion f ac to rs i n  y oung and o l d  s ubj e c t s  and 
repo r t ed tha t  the mo tor ne rve p a thways in the ch i l d  were shor ter than 
thos e o f  adul ts and exhib i t ed s imi lar conduc t ion v e l o c i t i es . Deve lopmen t 
o f  cen tral p r o c e s s i ng th e re f o r e  ap pears  to demons t r a t e  the mo s t  marked 
e f f e c t  on b o th the speed and s t ab i l i ty of  mo t o r  reac t ion cap ab i l i ty .  I t  
i s  d i f f i cu l t  to s p e c i f i c a l ly i de n t i fy wh i ch f a c t o rs acco unt f o r  v ar i a t i o n  
i n  reacti on time wi th ag e . Lur i a  ( 19 3 2 ) , however , sugges t ed that 
The s low , mo re variab l e RT f or y o ung e r  ch i ld ren re f l e c t s  a s t a t e  
o f  d i f f used  nervous e x ci t a t i on during wh i ch the  ch i l d  i s  unab le  
to mak e  the  s imp le integrated  movement ne cess anT to  res p ond, ev en 
though h i s  a t t en ti o n  is app ar e n t ly centered o n  do ing s o . 
The i ns t ab i l i ty i n  th e p e r c e p t ua l-mo to r  integration p ro cess  i n  the y o ung 
ch i ld has b e en d e s cr ibed  b eh avio ra l ly as exces s ive and d i f fus e mus cle  
t ens i o n  in the  general  b ody as  we l l  as  in  the  s p e c i f i c  mus cles  i nvolved 
i n  the ove r t  r e sp onse ( E l li o t t ,  1 9 7 0 ) . The s ub s e quent incre ase in  the 
neuro-phy s i o l o g i c a l  cap ab i l i t ie s  o f  the indiv idual wi th ag e h av e  b een 
obs e rved in th e deve lopment of e l e c t r o encephalograph i c  p a t t e rns charac-
t e r i z e d  by incr eased  s t ab i l i ty and less d i f fus e b rain wav e  rhy thms . As  
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the chi l d  matures , ther e f o r e , h e  app e ars t o  d eve lop the cap ah i l i  t y  o f  no t 
o nly f o cus i ng mo re a t t en t i o n  s p e ci f i cally on th e reaction task a t  h and b u t  
also  o f  execut ing m o r e  p r e c i s e  neuromus cular con tro l over t h e  mo t o r i c 
a c t iv i ty invo lved in  the respons e . This increas e in neuro-mo t o r  contro l 
i s  ref l e c t e d  no t o n ly in fas ter  reac t i o n  time b u t  by marked redu c t i on i n  
response variab i li ty a s  well . 
The rep o r t e d  dev e lopment o f  reac tion t ime p e r f ormance wi th age a l s o  
app ears to  p a r a l l e l  the p at tern o f  increased p r e c i s i o n  in execut i ng s p e e ch 
motor  con t ro l and timing . A p r imary charac te ris t i c  as s o c i a t e d  w i th s p e e ch 
motor  dev e l opment has been rep o r t e d  as the p ro g r es s ive dec rease i n  wi th i n­
s ub j e c t  v a r i ab i l i ty i n  execut ing the  mo to ric  p at te rns required dur ing 
s p ee ch p ro du c t io n . The mos t marked d e c r eas e i n  int r as ub j e c t  v ar i ab i li ty 
f o r  s p e e ch p ro d u c t i on is o b s erved b e tween the ages o f  three and e leven 
y e ars wh en it as s ume s adul t like s t ab i li ty ( Ken t , 1 9 7 6 ) . Th i s  gre a t er 
s tab i li ty o f  s p e e ch motor  contro l  has  b een ob s e rv ed f o r  p r o c e s s e s  involving 
l aryngeal adj us tment ( f undamen tal frequency ) , p r e c i s ion o f  vo cal  t r a c t  
conf igura t i on ( f o rmant p a t terns ) , and t h e  timing r e l a t i o nship b e tween 
voicing ons e t  and s up r ag lo t t al a r t i cu la tory mov emen t  (vo i ce onse t time)  
(Eguch i  and Hirsh , 1 9 6 9 ; P res ton , J eni-komi s h i an , and S t ark , 1 9 6 7 ;  P res ton 
and P o r t , 1 9 6 8 , 1 9 6 9 ; Hal o t t  and Schne i d e rma n ,  1 9 7 6 ; Kent , 19 76 ; Z l a t in 
and Ko enigs tnech t , 19 7 6 ) . T i ng l ey and Al len ( 19 7 5 )  f ur ther rep o r t e d  that 
the t emp o r a l  as p e c t s  of s p e ech produc t ion also  come under increas ingly 
p r e c i s e  contro l as the ch ild  g r ows o l de r ,  a t t aining re l a t iv e  de creas ed 
v ar i ance of  t iming l ike th at  fo r adu l ts b y  ap p ro xima tely e leven years  of  
age . 
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The res u l t s  o f  thi s  s tudy , then , l end s upp o r t  t o  the f indings o f  
p revi o us r es e a rch th a t  a n  i nc r ease  i n  neuromu s cular contro l  f o r  b o th sp eech 
and nons p e ech tasks w i th age may r ef l e c t  developmen t i n  the neur ophy s i o l­
o g i cal integ ri ty o f  the i nd ividual . Thi s  d ev e lopmen t i s  ch aract e r i z e d  by 
an i ncrease  in  s p e ed and s t ab i l i ty in execut ing mo t o ri c con tr o l .  In 
add i tion , the s e  r e s u l t s  d emons t r a t e  th a t  wi th r e gard to voi ce reac tion 
ab i l i ty , b o th the s tu t t erers and the nons tut t e rers exh ib i t  commensur ab le 
p a t t erns o f  developme nt demons t r a t e d  by a redu c t i o n  i n  b o th the mean VRT 
as w e l l  as int ras ubj e c t  r es pons e v a r i ab i l i ty .  
S e t  E f f ec t  on V o i c e  Reac tion Time P e r f o rmance 
The nons t u t terers , as a group , exhib i t ed l i t t l e  or no imp rovement 
i n  mean vo i ce reac t i o n  t ime f rom one set to the ne x t . The s e  r e s u l t s  s ug­
g e s t  th a t  the contro l  s ub j e c t s  b egan the task at or near the lower l imi t 
a t  wh i ch they were  ab le  to  ini t i a t e  vo i c i ng and main tained th i s  response 
capab i l i ty throughout  the exp e rimen t . The p a t te rn f o r  i nt r as ub j e c t  
response v ar i ab i li ty was s omewhat  d i f f erent , however . A d e creas e  i n  
response variab i l i ty was obs erved f r om s e t one through se t three fo l lowed 
b y  a s ub s eq uent increase w i th the addi tion of s e t s  f our an d f ive . Th e 
o b s e rved i ncrease in  res pons e s t ab i l i t y  at  the ons e t  o f  the  exper iment 
mos t l i kely r e f l e c t s  a p r a c t i c e  e f f e c t  r es u l t ing f rom the  rep e t i tive 
ini t i a tion o f  the vocal respons e . Factors  such as subj e c t  f a t igue , 
loss  o f  a t tentivenes s ,  and de crea s e d  mo tiva tion may account for  the 
increase i n  re sponse  variab i l i ty o b s e rved for  the f inal two s e t s . 
This exp l an a t i on appears cons i s ten t wi th p r ev ious inv es t i ga ti ons , 
i nd i c a ting that  th e great es t  source  o f  v ar i a t i o n  f o r  s imp le mo t o r  
reac t i on t asks ref l e c ts central  fa ctors  as s o c i a t e d  wi th t h e  s ub j e c t ' s  
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s ta t e  of a t ten t iveness or readine s s  t o  respond (G ib s on , 19 4 1 ; Lansing , 
S chwar t z ,  and L i nds ley , 1 9 59 ; Bo twini ck and Thomp s on , 1 9 6 6 ; Aleg r i a  and 
D elhaye-Remb aux , 1 9 7 5 ) . 
Although b o th g roups demons t r a t ed e s s e n t i al l y  the s ame p a t t e rn w i th 
resp e c t  to  changes  i n  in t ras ub j e c t  r e s p ons e variab i l i ty across  s e t s , the 
s tu t t er e rs exhib i ted  a more ma rked p ra c ti ce e f f e c t  for mean voice r eac-
t ion t ime p e r f o rm ance . As a g ro up , the s tu t t erers  s howed an imp rovement 
i n  VRT of 1 9  ms e c . b e twe en s e ts one and two as comp ared to an imp rovement  
o f  o n ly 1 msec . for  the nons tu t t e rers . This  o r i g i nal  redu c t i o n  i n  VRT 
f o r  the s tu t t er er s  was f o l lowed by a g radual i ncrease  in VRT wi th s e t s  
thre e ,  f o ur , and f ive . The s tu t terers , a s  comp ared to  the no ns t u t te rers , 
app e ared t o  require  mo r e  resp on s e  prac t i ce i n  o r d e r  t o  reach the lower 
l imi t s  of  th e i r v o i c e  rea c t io n  t ime o b s e rved in th i s  s tudy . Thi s  ad d i t io nal 
p ra c t i c e  may have b e en ne ces s a ry to  comp ens a t e  fo r an inhe rent  d i f f i cul ty 
in i ni t i a t ing v o i cing . The incr e a s e  in  the mean resp ons e t imes wi th the 
addi tional se t s , then , migh t ref le c t  f a c t o rs s u ch as f a t i gue , los s o f  
a t t en tivene s s , and mo t iv a t i o n  ch arac teris t i c  o f  the no ns t u t t erers . S ince 
the  nons t u t terers  b e g an th e exp e riment at  r e a c t i o n  spe eds whi ch app roxi­
mated  the lower l imi t s  o f  th e i r  p e r f o rm ance , the d e c reased mo tivat ional 
f ac t o rs would h ave l i t t l e  e f f e c t  o n  overa l l  vo i ce reac t i on p e rf o rmance 
o th e r  than to  increase response va r i ab i li ty .  The s t u t t er ers , however ,  
app e ar e d  to  requi re more p rac t i ce and grea t er v i g i l ance in  o rde r to 
comp ens a t e  for th e o r i g i nal  d e f i c i t in vo i c e  ini t i a t ion ab i l i ty .  F a t i gue , 
decreased mo t iv a t i o n ,  and a t t en t ivene s s , then , ap p e a r  t o  h av e  a mo re 
mark ed e f f e c t  on the voice reac t i on cap ab i l i t i es of the s tu t t erers than 
nons t u t te r ers . 
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D i f f e rences  B e twe en S tu t t er ers  and Nons tut tere rs 
B e twe en gr o up comp a r i s ons r eve a l ed that  b o th the mean vo i c e  r e a c t i on 
t imes and the i nt rasub j e c t  response v ar i ab i li ty were s i gni f i can t ly greater 
f o r  the s tu t t e re r s  than the ma t ched  cont rols a t  each o f  the three age 
leve ls . Thes e r e s u l t s  are cons is tent  wi th p revi ous res e arch in this area 
i ndi ca ting that the voice  r e a c t i o n  ab i l i ty of  adu l t  s t u t te rers  i s  s i gni f i­
c an t ly s lowe r  than th at  o f  adul t  no ns t u t t erers (Hay den , 19 7 5 ; Ad ams and 
Hay d en , 1 9 7 6 ; S tarkweath e r , 1 9 7 6 ; Cro s s  and Shadden , 1 9 7 7 ) .  Whe t h e r  the 
s lowe r ,  l e s s  s t ab l e  vo i ce r e a c t i o n  ab i l i ty f o r  s tu t t e r ers r e s u l t s  f rom 
l e arning f ac t o rs associated  wi th the deve lo pment of the individua l ' s  
s tut t er ing p rob lem o r  is  char a c t eris ti c o f  an inhe rent dis function  which 
may o riginally contribute as a dis rup t ive f a c tor  in the f luen t s p e e ch 
p ro du c t io n  p r o c e s s  has no t b een d e t ermi ned . Th e r e s u l t s  o f  this inves t ig a­
t io n ,  how ever , b ear meaning f u l ly o n  thi s inq u i ry . I f  the s t u t t e rer ' s  
inapp rop r i a t e  voice  reac tion  t imes r es u l t f rom the incre as ed mus cu lar 
t ens ion , s t ruggle , and as s o c i a ted anti c i p a t o ry avo idance behavio r ch arac­
teris t i c  o f  s tu t tering d evelopment (Bloods tei n ,  1 9 6 0 ; V an R i p er , 1 9 6 3 ; 
Andr ew and Har r i s , 1 9 64 ; Lup er and }1u lder , 1 9 6 4 )  then b o th VRT and r e s p ons e 
v ar iab i l i ty would b e  exp e c t e d  t o  incr e as e  wi th a g e . The r es u l t s  o f  this 
s tudy are no t con s is tent wi th this as s ump tion , hmvev er . I n  f a c t , the 
larges t me an d i f f e re nce b e tween the s t u t t erers and the nons tut terers 
wi th res p e c t  to b o th voi ce reaction  t im e  and response variab i l i ty was 
exhib i t ed b y  th e f iv e  year  old s ub j e c ts . Although b o th g roups d emon­
s tr a ted a commens urate  de crease  in VRT and response  v ar i ab i li ty w i th an 
incr e as e in age , the s tu t t er ers were s i g ni f i cant ly s l ower and more 
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v ar i ab l e  th an the nons tut terers . I n  add i t ion , the r e l a t ive d i f f er ence 
b e tween the two groups d e c reas ed , r a the r than i ncreas e d , wi th age . Thus , 
the  s tu t t e rers  app e ared no t t o  exh ib i t  a d e t e r i o r a t i o n  i n  vo i ce reac tion  
p e r f o rmance wi th age  but  actua l ly  imp roved voi ce reac t i on ab i l i ty , a l though 
as a g ro up never  a t t ai ni ng the s nm e  s p eed or s t ab i l i ty as the normal 
s p eakers . 
B e f o re ab andoning the e f f e c t s  o f  l e arning o n  VRT p er f o rman c e , h ow­
ever , care mus t  b e  taken in the i nt e r p r e tation  o f  these  f i ndings . The 
y ounges t age leve l i nves t i g a t e d  in this  s tudy was f ive y ears . A l though 
as p rev i ous l y  s t a t ed , ant i ci p a t o ry f e ar and s trugg l e  b ehav i o r  are  usua l ly 
tho ugh t to  increase w i th age , B loods t e i n  ( 19 6 0 )  no ted  that  s ome s tu t­
terers m ay exhib i t  an t i c i p a to ry f e ar s by as e a r ly as f iv e  y e ars . Th us , 
the s lowe r  VRT f o r  the f ive y ear o ld s ub j e c t s  i n  this s t udy may h ave 
res u l t ed f rom l ea rning f a c t o r s  as s o c i a t ed wi th the i r  s tu t t e r ing dev elop­
ment which o c curred b e f o re th i s  ag e . The d a t a  p res en t e d  i n  this s tudy 
does no t a l l ow f o r  more than i ntui tive s p e c u l a t i o n  in this regar d . Th e 
t rends i n  the d a t a  sugge s t ,  howev e r , that  the r e l a t i ve v o i ce rea c t i o n  
p er f o rman c e  f o r  t h e  s tu t terers imp roves g radu a l ly f r om f ive years o f  ag e 
t o  adulthood . I f  the s lowe r VRT f o r  the f ive y e a r  o ld s tu t terers  res u l t ed 
f rom l ea rning f a c t o r s  a s s o c i a t ed wi th s tu t t e r i ng deve l opme n t , then long e r  
and l e s s  s t ab l e  vo i c i ng d i f f i cu l ty w o u l d  be  sugg e s t ed b ey ond thi s a g e  as 
the indiv i du a l  dev e lops  mo re s ub s t an t i a l  ov er t s t ruggle  and ant i c i p a t ory 
avo i d ance reac t i on as s o ci a ted wi th his s tut t ering p r ob l em .  S ince i n  
actual i ty the oppos i te tr end was obs erved i n  t h e  d a t a , i t  i s  sugges t e d  
tha t th e s lower , l e s s  s t ab l e  v o i c e  react ion t imes may r es u l t f rom an 
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inherent d i s func t i o n  char ac teri z ed b y  d i f f i cu l ty i n  p romp t ly exe c u t i ng 
b eh aviors as s o c i a t e d  w i th vo c al i z a t ion . This d i s ru p t i o n  i n  v o i c i ng o ns e t  
i s  app arent ly i rr e s p e c t ive o f  as s o ci a t e d  s t u t t e ring b eh avio r .  Als o , s ince  
the  resp ons e u ti l i z e d  was s imp l e  vo cal i z a t ion of  the  ne u t r al vowe l I 1\ j  
the  s l owe r v o i ce i ni t i a t ion  o c cur red i n  the ab s en ce o f  the mo re comp l ex 
phy s i o l o g i c a l  adj us tmen ts  i nvolved i n  s p e e ch produc t i o n .  S i nce the 
voi c i ng ons e t  d i f f i c u l ty was exhib i te d  a t  an e ar ly p e r i o d  i n  the chi ld ' s  
deve lopment  o f  mo t o r  s p e e ch contro l , the s l owe r , l e s s  s t ab l e  vo i ce ini t i a­
t i on ab i l i ty may b e  a con t ri b u t in g  f a c to r  in the o r i gi na l  d i s rup t i o n  i n  
t h e  coo rdinat ion b e tween the res p i r a t o ry , phonat ory , and a r t i cu l a t o ry 
p r ocesses  required f o r  f luent s p e e ch . 
The i nd i c a t io n  th a t  the s tu t t e r ers  d emons t r a t ed s i gni f i cant ly more 
i ntrasubj e c t  response var i ab i li ty than the nons t u t t erers i s  an imp o r tant  
f i nding and mer i t s i ndep endent cons i dera t i on . Not  only were the  vo i ce 
r e a c t i on t ime s s lowe r  b u t  the s tu t terers al s o  app e ared  t o  exh ib i t  d i f ­
f i cu l ty i n  cons i s ten t ly execu t i ng the p r e ci s e  adj us tment requ i r e d  i n  
i ni ti a t i ng phona t i on . Th i s  i ncons i s t en cy i n  v o i c e  ini t i a t ion  ab i l i ty 
may b e  a s i gn i f i cant f a c tor in the a t t emp ts  o f  the indivi dual t o  d ev e lop 
coordina t i on i n  the mo t o r i c  p r o c es s es i nvo lve d i n  f l uent s p e e ch p r o d u c­
t i o n .  I f  the s tu t t erer  exh i b i ts s lowe r , ye t re l a t ively s tab l e  vo i ce 
i ni t i a t i o n  cap ab i l i ty ,  then comp ens a tory mo tor  p a t t e rns migh t b e  le arned 
during e ar ly s t ages  o f  s p e e ch d ev e lopmen t wh i ch would a l low f or the d e l ay 
i n  voi cing ons e t .  The ex tr eme variab i l i ty w i th res p e c t  t o  the l a t ency 
o f  v o i c i ng ons e t  f rom one moment to the nex t ,  h owever , would app e ar t o  
i nd i cate  th a t  th is i s  a d i f f i cu l t  t ask f o r  t h e  s ub j e c t . Incons i s t en cy 
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i n  v o cal ons e t  wo uld app e ar t o  inhib i t  to s ome degree  the learning o f  the 
necess ary comp ens a t o ry mo t o r i c  pa t te rns . Thus , the extreme variab i li ty 
i n  execu t i ng control over the vo i ce ini t i at i o n  p r o c es s  may i n  i ts e l f  b e  
a s igni f i c ant  con t ri b u t i ng f ac to r  i n  th e disrup t i o n  o f  f l uent  s p e e ch 
p ro d u c t i o n .  
A d e f ini t ive exp l ana ti o n  a s  to  the l o c i  o f  d i s rup t io n  in vo i ce 
o ns e t  cap ab i l i ty o f  th e s t u t t er er i s  tenta tive , a t  b es t ;  however , r es u l t s  
f rom prev i o us i nves t i g a t i o ns may l end t o  s p e cu la tive hy p o thes es . S t ark­
\veathe r ,  e t  al . ( 19 7 6 )  f o r  examp l e , inv es t i ga t ed the as s ump t ions p r o p o s e d  
by Web s ter ( 1 9 7 4 )  t h a t  s low vo cal ons e t  i n  s tu t t e rers  i s  related  t o  a 
d evia tion i n  audi t o ry f un c t i oning r e s u l t i ng f rom d i s f un c t i on in the m i d d l e  
ear mus cula t ure . Thi s  e xp l ana t i o n  was d i s count ed b y  S tarkwe a ther , e t  al . ,  
howev er , whe n  they found th a t  s tu t t erers demo ns tra ted s igni f i can t ly s lowe r 
VRTs f o r  vis ual as we l l  as aud i to ry s t imuli . S ince s imi lar dis rup t i o n  in 
vo i c e  reaction  t imes hav e  b een f o und u t i l i zing b o th v i s ual and audi tory 
s timulus cues , the e f f e c t  of inap p ro p r i a t e  s ens ory t r ansmis s ion may b e  
ten t a t ively d i s regarded as a s i gni f i can t  cont rib u t ing f a c to r . Furthe r  
inves t iga t ion u ti l i z ing o ther s t imulus moda l i ties  may l end mo re s uppor tive 
info rma t i o n  i n  this r egar d .  
Adams ( 1 9 7 2 )  s ugges ted  th a t  i nap p ro p r i a t e  vo cal  f un c ti oning f o r  
s tu t terers res u l t s  f rom d i s rup tion in t h e  aerodynam i c  p a t te rning r e s u l ting 
f rom an imp r e c i s e  t iming r e l a t ionship b e tween the res p ir a t o ry , phona t o ry , 
and art i cu l a t o ry p r o c es s es . S chwar t z  ( 1 9 74 )  h as gone even f ur ther to  s ug­
ges t that the d i s rup tion in the vo cal ac t ivity  f o r  s t u t terers res u l t s  f rom 
a l ack o f  medul lary inhi b i tion o f  the ai rway dialati on r e f lex r e s u l t i ng i n  
i napp rop r i a t e  ab duct ion o f  the vocal fo lds i n  resp onse t o  increas es  i n  
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s ub g l o t t i c  p r e s s u res dur ing no rma l  s p e e ch produc t ion . A l though the s e  
exp l ana t i ons ap p e a r  tenab le , they sugges t tha t  t h e  s low VRT f o r  s tu t­
terers res ults  f rom i nap p ro p r i a t e  ac tivi ty ass o c i a ted d i re ct ly wi th the 
spe e ch p roduc t i o n  p roces s es . McF arland ( 1 9 7 6 ) , however , inves tigated  
the  neu ral  resp ons e t imes ( ons e t  o f  s t imu lus to ons e t  of  mus cle  a c t i on 
p o t e n t i al f o r  ove r t  respons e )  f o r  adu l t  s tut t e rers  and nons t u t t e r ers  o n  
b o th s p e e ch and non- s p e e ch rel a t e d  t as ks . Sub j e c t s  were asked t o  resp ond 
as q u i ckly as p os s i b l e  to  aud i to ry s t imu l i  b y  ini t i a t ing the s y l l ab l es 
l b  � I  and l p.x?. I ( sp e e ch )  and merely c lo s ing the l i p s  ( non-s peech ) . The 
neural respo ns e times f o r  b o th the s p e ech and non- s p e e ch t as ks wer e  
s i gni f i cantly longer for  the s tut t er ers than fo r th e nons t u t terers . 
The s e  re s u l t s  s ugge s t  tha t  the d e l ayed  r esp onse t imes f o r  s tu t t e r e rs 
may res u l t  p r ima r i ly from f ac to r s  i nvo lved i n  the neural p ro ce s s e s  r a ther 
than the ove rt  mechan i c a l  res p ons e s . Mo reover , the s low neur al  response 
time was exhib i t ed f o r  non- s p eech a s  we l l  as s p eech  r e la t ed t as ks . Fur th er 
evi d ence i n  thi s  area has res u l t e d  f rom p i lo t  d a t a  comparing the reac t i o n  
t ime s b e tween s tut t e r ers  and nons tut terers  on a f i nger t ap r esponse  tas k  
( C r o s s  and Lup er , 1 9 7 8 ) . The s ame s ub j ects  u t i li z e d  i n  the p resent  s t udy 
wer e also  asked to respond as q u i ck ly as p os s ib le  to the onse t o f  twenty 
1 kH z tones by depres s i ng a t e l e gr aph key wi th the index f i nger of  the 
p r e f er r ed hand . S igni f i cant ly s lower reaction  t imes were obs erv ed for  the 
s tut t erers than the nons t u t te r ers at  each of  the th ree age levels i nve s ti ­
g a te d . I t  app ears , ther ef o re , th a t  b o th adu l t  and very yo ung ch i l d  s tut­
terers d emo ns t ra t e  s i gni f i c ant ly s lower and more  variab l e  r ea c t i o n  c ap a­
b i l i ty fo r tasks i nvo lving b o th s p e e ch and no ns p ee ch r e l a t ed mo t o r i c  
a c t iv i ty . 
Van Riper  ( 1 9 7 1 )  h as s urvey e d  an extens ive b ody o f  l i t e ra ture 
i nve s t igat i ng the role  of  o rgani s t i c  f a ct ors i n  s tu t t e r i ng . I t  i s  
b eyond the s co p e  o f  thi s  inv es t i ga tion to  pursue e ach o f  thes e  f a c t or s  
i n  d e tai l .  However , cons ide r ab le  evi dence i s  p r e s ented  indi cating 
that a t  leas t s om e  s tu t t e rers when comp ared to  nons t u t ter ers demons t r a t e  
dis rup t ion i n  neural con t ro l o f  mo t o r i c  ac t iv i ty chara c t e r i z e d  b y  
g re a t er p e rs e rve r a t iv e  mo to r ac tivi ty ( E i s enson , 1 9 5 8 ; King ,_ 1 9 6 1 ) , 
l es s  coo rdina t ion o f  f i ne motor  con t ro l  f or nons p e e ch t asks ( S e th , 
1 9 3 4 ; S ch i l li ng , 1 9 5 9 ; Bal d an ,  1 9 6 5 ; Bruno , C am ar d a , and Cur i , 1 9 6 5 ) , 
and l e s s  coord inat ion o f  mus culature i nvolved i n  sp e e ch production  
( We s t  and Nusb aum , 1 9 29 ; Ri ckenb e rg , 1 9 5 6 ; Z al e s ki , 19 6 5 ) . Fur the r ,  
s ub s t an ti a l  evi dence has also  b een p re s en ted indica t ing tha t  a large  
numb e r  of  s tu t t er er s  exh ib i t  atyp i c al e l e c t ro encephalograms ( EEG s )  and 
that  young e r  s tut t er ers  ( 5- 1 2  years ) are more l i ke ly to show them th an 
o lder ones ( F re e s tone , 1 9 4 2 ; Mo r av ek and Langova , 1 9 6 2 ; S chonharl  and 
Ben t e , 1 9 6 0 ; F r i t z el l , P e t er s o n ,  and S e llden , 1 9 6 5 ) . Results  f r om th es e 
and o ther s tudies  o n  EEG s ugg es t that  the aty p i cal b rain w ave p at t erns 
m ay imp ly some f o rm o f  neur o l ogical  damage or malf un c t i on i ng char a c t e r i z ed 
b y  i nt er f erence in the b i la t e r a l  ga ting o f  the e f ferent  and a f f erent  
nervous imp u l s e s  r equired f o r  smo o th m o t or i c  s p ee ch . The s e  f ind ings ar e 
o f  p a r t i cula r i n t e res t in view o f  th e r e s u l ts p r esented  in thi s  s t udy 
i nd i c a t i ng that s tu t t erer s , as a g roup , appear  to demo ns t ra t e  s lowe r ,  
l e s s  s t ab le r ea c t i on times invo lving ini t i a t i o n  o f  b o th s p e e ch and no n­
s p e e ch mo t o r  a c t ivi ty and th at  the y o ung e r  s t u t t e rers  app e ar to exh ib i t  
more d i f f i cul ty than the adul t s . 
S t arkwe a th e r , e t  al . ( 1 9 7 6 )  p roposed  that  cen t ral f a c to rs contrib­
u t i ng to  v o c a l  ons e t  for  s tu t t erers  m ay be  ch aracter i s t i c  of  less  we l l  
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es t ab lished  hem i s p he r i c  dominance f o r  voc a l i z a t i o n . O r to n  ( 1 9 2 7 )  and 
Trav i s  ( 1 9 3 1 ) o r i g inally sugges ted  tha t  a lack o f  cereb ral  dominance 
c re a t es mis t im i ng of the mo to r impu l s es t o  the b i l a t e ral  s p e e ch mus c les  
p roducing s tu t t e r i ng . Re cent  evi dence has b e en repor t e d  th at  a l a rge 
numb e r  o f  adu l t  s tu t t erers e xh ib i t  a mixed or  rev e rs e d  dominance for  
aud i t o ry p e r cep t i o n  u ti l i z ing d i cho t i c  l i s tening t asks ( C ur ry and Grego ry , 
1 9 6 9 ; P e rr i n  and Eis enson , 1 9 70 ; P e r ri n ,  19 70 ; S t arkweathe r ,  Be rgman , and 
Ho f fman , 1 9 7 5 ) . G ene r a l ly , these s tudies have f ound that  s t u t te r er s , as 
a group , d emons t ra t e  s igni f i c an t ly less  r i gh t ear p r e f e rence f o r  compe t i ng 
s p e e ch s timu l i  typ i cally exhib i t ed b y  mo s t  nons tut t e rers . Recent ly , 
Somme rs , B rady , and Mo ore  ( 19 7 5 )  inves t i gated the le f t  and r i gh t  e ar 
p re f e rence o n  d i cho t i c  tasks i nvo lving words and d i g i ts f o r  s tu t t e r i ng 
and no ns tu t t e ring chi l dren and adults  a t  thr e e  age l ev e l s  ( 4- 10 years , 
1 1- 16 years , and 1 7 - 4 8  years ) . Th e s tu t t er ers a t  e a ch o f  the th ree  ages 
showed s i g ni f i cantly less  o f  the typ i c al righ t e ar p re f erence for h a th 
the words and d i g i ts th an the nons t u t terers . The s e  r e s u l t s  s up po r t e d 
the f inding s  o f  p revi ous s t udies that s ome s tu t t e r e rs ap p ear to  d emons t r a t e  
a lack o f  hemi s p h er i c dom inance f o r  aud i to ry p erce p t i on .  O f  p a r t i cular 
i n t e re s t  i n  th i s  s t udy , howev e r ,  was  the f ind ing tha t a l t hough the  non-
s t ut te ring chi l d r en and adu l t s  p e r f o rmed alike on the d i cho t i c  task , the 
r i gh t  ear  s co res of  the s tut ter ing ch i ldr en were s i gn i f i can t ly sma l l er 
than thos e o f  the adul t s t u t ter ers , p rog ress ively app ro ximat ing the adul t 
s cores wi th an inc rease in  age . I n  i n t e rp re t i ng thes e r e s u l t s  the au tho rs 
s ugges ted  th a t : 
Th e s p e e ch p e rcep t ual func t i on and /o r hem i s phe r i c  la terali zat i on 
o f  s p e e ch may con t i nue to  dev e lo p  i n  some s t u t t e rers at  a s lower 
rate th an no ns t ut terers . P e rhaps the s p o n t aneous rem i s s i on o f  
s tut tering i n  o lder  ch i l dren i s  related  to the developmen t o f  a 
g re a t er d egree  o f  s p e e ch pe rcep tua l  ab i l i ty and / or hemi s pheri c 
dominanc e .  
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Th es e res u l ts may b e a r  meaning fully on the f i ndings tha t ,  alth ough 
s tu t t erers d emons t rate  s i gni f i ca n t ly s lowe r  and more vari ab le rea c t ion 
t imes fo r s p e e ch and non s p e e ch tasks , th e i r  p e r f ormance r e l at ive to  th a t  
o f  the no ns tut t e rers  imp roves wi th age . The  g r e a t e r  d i f f i cu l ty w i th 
r esp e c t  to mo t o r  i ni t i a t i on ab i l i ty ob s e rved f o r  the f ive y e a r  o l d  s tut-
t erers i n  this  s t udy may i n  part ref l e c t  a les s we l l  deve l o p ed hemi-
s pheri c dominan c e  whi ch g radua l ly imp r oves f o r  s ome individuals w i th age . 
The p ro longed d evel opmen t in mo t or reac t i o n  ab i li ty fo r the s tu t t e rers , 
then , may b e  a t tr ib u t ab l e  t o  the s lowe r ,  more gradual deve lopment i n  
c en t ra l  p ro ce s s e s  as s o ciated  w i th p r e c i s i o n  i n  p ro g ramming and execu ting 
the mo t o r i c  commands invo lved i n  the reaction t as k .  The de l ayed  d ev e lop-
men t i n  hemisphe r i c  dominance may a c count no t o n ly f o r  th e s lowe r s p e e d  
i n  ini t i a t i ng t h e  r e sponse b u t  also  f o r  the g r e a t e r  i n t r as ub j e c t  r e s p onse 
variab i li ty . 
A l tho ugh a large numb e r  o f  b o th ch i ld ren and adu l t s  \vho s t u t t e r  
d emons t rate  a l e s s  we l l  es t ab l ished  hemi sphe r i c  domi nance f o r  aud i tory 
p er c ep t ion , the s p e c i f i c  r e l a t i onship b e twe en dominanc e  f o r  audi tory 
p e r c ep tion and mo tor  output is uncertai n .  As no ted  by S t arkwe ather , e t  
a l .  (1 9 7 6 ) : 
I t  i s  un c c'r t <li n j us t  ,,,ha t " clom i n <ln c e "  m e a n s  f o r  :1 b i J a t c>r a l ly 
repres ented f unc tion s uch as vo c a l i z ati on . To exp l ai n  th e s e  
resul t s  i t  i s  no t neces s ary to assume any thing mo r e  e l ab o r a t e  
than the l a ck o f  dominance  inv o l ves  a s l ower r e a c tion t ime . 
I t  may have no r e la t ionship o r  on l y  a p i1 r t ia l r e 1 at i onship 
to " dominance" as expr e s s e d i n  hande dnes s ,  eye pref eren c e , or 
ear a dvan t age . 
L i t t l e  evidence  was f ound i n  th e l i tera ture d e t e rmi ning wh e th er s tu t terers 
exh ib i t  a lack of hemisph e r i c  domi nan ce for motor  p e r f o rman c e  as we l l  as 
aud i tory per cep tion . Res earch has i nd i c a ted , however , that r e ac tion t ime 
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f o r  normal s ubj e c t s  i s  dependent upo n  the natu r e  and h em i s ph e r i c  p res enta­
t io n  o f  the s t imu lue cue ( F i lb e y  and G las s aniga , 1 9 6 9 ; G e f f i n , B radsh aw ,  
and Wal l ace , 1 9 7 1 ; L evy and Bowers , 1 9 7 4 ) . L evy and B owers ( 19 7 4 ) , f o r  
examp l e ,  f ound f inger tap r e a c t i o n  t imes t o  a verb al s timulus b ur i e d  i n  
a di cho t i c  l i s tening task were 1 3 2  m s e c . s lower wh en p re s en t e d  to  the le f t  
ear th qn the r i g h t  ear o f  no rmal s ub j e c t s . Cr o s s  and Shadden ( 19 7 8 )  
r epor ted th ere w as l i t t l e  o r  n o  di f f e rence i n  vo i ce reaction  t imes to 
pure tone s timu l i  when p r es ented  to e i th e r  the l e f t  or right ears o f  
adult s tu t terers  and nons t u t t e r er s . Th e au th o rs s ugges t ed , h owev e r , 
that the l a ck o f  ear  e f f e c t  was n o t  s urp ris i ng s i nc e , as no t e d  b y  G ef f i n , 
e t  al . ( 19 7 1 )  and o th ers , s imp l e  d e t e c tion  o f  a uni f o rm s timulus cue does  
n o t  r e s u l t  in  i n t e rhemispher i c  d i f f erences i n  s imp l e  mo t o r  r eac t i on t ime . 
Bo th th e d e t e c tion o f  the pure tone s t imul i  and the i n i t i a t i o n  o f  the 
undi f f er e n t i a ted  vo cal r e spons e  may b e  r ep r esen ted eq ual ly we l l  in e i ther 
h emisphere . S tarkweather ( p e rs onal communication)  is  p re s en t ly i nv e s t i ga t i ng 
b o th the vo i ce and articulatory reac t i o n  t ime f o r  adult s tu t t erers and non­
s tu t ter ers in res p o ns e  to  l i ngui s t i c  s t imul i  p r e s e n t e d  v i s ua l ly to the 
l e f t  and right hemi s pheres s e p ar a t e ly . Resu l t s  f rom this and f utur e 
i nve s t i g a t io ns may p rovide more mean i ng fu l  i nf o rma t i o n  regarding the na tur e 
o f  the delay and vari ation i n  mo tor  r e a c t ion ab i li ty o f  s tu t terers . 
Fina l ly , the q ues tion  ar i s e s  as to whe ther th e s l ow , more variab l e 
voi c e  rea c t i o n  times are typ i ca l  o f  a l l  s t ut t e rers as a group o r  are 
rep res e n t a t ive of o nly a p o r t i o n  o f  atyp i cal sp eakers . An analy s i s  o f  
the d a t a  p re s ented  i n  th i s  s tudy found that twelv e o f  the twenty-s even 
s tu t t e rers  exhib i ted mean VRTs wh i ch we re more than one s t andard dev i a t i on 
above the mean VRT f o r  the no ns tu t terers a t  comparab le ag es . Twe n ty- two 
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o f  the twe nty- s even s t u t t e r er s ' VRTs w e r e  g r e a t e r  than the mean VRT f o r  the 
nons tut t e rers . Thus , al though a large maj ori ty of the s tu t ter ers exhib i t ed 
m ean VRTs whi ch wer e  s lowe r  than the  typical  nons tu t t erer , 4 4  p e r cent  of  
these  sub j e c t s  exhib i ted s cores  wh i ch were more than one s t andard d evi a­
t i on ab ove th e me an f o r  the contro ls . Simi larly , Somme rs , e t  al . (19 7 5 )  
repor ted th a t  5 3  p er c ent o f  the s tu t t e r e rs tes t ed i n  the i r  d i ch o t i c  
l is tening s tudy exhi b i ted the rep o r t ed l ack o f  r i gh t  ear pr e f e rence f o r  
d i ch o t i c  words . Res ul ts from this and p rev i ous s tudi es , then , lend s up ­
p o r t  to  t h e  inf e rence th a t  s t u t t e r e rs , a s  a group , may r ep r e s ent  a h e t e ro­
geneous population  d emons t r a t ing vary ing degr e es of v o i ce reac t i on ab i l i ty . 
A l though the s eve ri ty o f  the indiv i dua l ' s  s tu t te r i ng p ro b lem may account 
for s ome o f  th e b e tween s ub j e c t  v ar i a t i on in VRT , the p ro cedures u t i li ze d  
in this s t udy f o r  measuring s tu t t e r i ng s everi ty we re too ins e ns i t ive to 
a l l ow for any meaning f u l  i n f e r ence . S p e ci f i c  f a c t o r s  co ntributin g  to  the 
d i f f eren t i a t i on o f  individuals who s tu t t e r  i nto s ub- clinical  group s i s  
open t o  further  i nve s t ig a t i o n .  
Gene r a l ly , th e res u l t s  o f  t h i s  s tudy lend s up p o r t  t o  the hyp o th e s i s  
tha t  the o r i g i nal  d i s r up t ion in the s p e e ch p ro duc tion p r ocess  f o r  a t  l e as t 
s ome s tu t terers may b e  a s s o c iated wi th an i nab i l i ty to cons i s ten t ly ini t i a t e  
p romp t mo t o r  a c t iv i ty i nvolv ed i n  the ons e t  o f  vo i ci ng . This dis rup t i o n  
appears  to  o c cur a t  e arly s t ages i n  t h e  develo pment and s tab a l i z a t i on o f  
s p e e ch p roduc tion . Fur the r , evi dence f rom this and o th e r  inve s t i ga t ions 
s ugge s t s  that  the s lowe r ,  mo r e  vari ab le mo tor rea c t i o n  ab i l i ty o f  y o ung 
chi ldren and adu l ts who s tu t t e r  may in p a r t  r e s u l t  f rom damage o r  d i s rup­
tion in th e d eve lopment of neural con t r o l  mech anisms invo lved in motor  
a c t iv i ty . L i t t l e  evi d ence was rep o r ted  i n  this i nves t i g a t i on suppor t ing 
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the hyp o thes i s  th a t  the d i s rup t i on i n  vo i c ing ons e t  r es u l t s  f rom l earning 
f ac t ors  as s o ciated  with the develo pment o f  s tu t t e r ing . A l though f ur th er 
rese arch is needed to  e i ther v e r i f y  or r e f u t e  the s e  as s ump t i ons , the r e  are 
s t rong i ndi c a t i on s  that d i s rup t i o n  in  mo tor con t r o l  exh ib i t e d  by s ome 
s t u t t erers may resul t from neuro l o g i c a l  f a c tors  i nvo l v i ng cen t ra l  mo tor  
p ro c e s s ing , s u ch as  a lack of  h em i s phe r i c domi nanc e .  
CHAPTER V 
SUMMARY AND C ONCLUS I ONS 
Th e mean and intrasub j e c t  res p ons e vari ab i l i ty of voice r ea c t i o n  t im e  
t o  aud i tory s t imul i  was inves t i ga te d  f o r  f iv e  year o l d ,  n ine y e a r  o ld ,  and 
adu l t  s tu t t er er s  and nons t u t t er er s . The s ubj e c t s  wh o p a r t i c i p a t ed i n  thi s  
s tudy wer e  twenty-s even s tu t t er e r s  and twenty- s even nons tut terer s  ma t ch ed 
f o r  ag e and s ex .  There wer e nine s tu t t er er s  and nine nons t u t terers a t  
e ach o f  t h e  thr e e  a g e  lev e ls . A l l  o f  the s t u t te r ers h ad b een r e p o r t e d  
to h ave exhib i t ed t h e  ons e t  o f  s t u t t ering b eh av i o r  by n o  la ter  than f iv e  
y e ars  o f  ag e .  
E ach o f  the s ubj e c t s  was p res ented with  a t o t a l  o f  f i f ty- f iv e  pre-
recorded 1000  Hz  t ones b i la te r a l ly through s t ereo  e arphones  a t  80 dB SPL . 
The s t imul i  were  divi ded into  f iv e  equal se ts o f  e l even tones e ach . Data 
ana ly s i s  was b as ed on r espons e s  t\vo through e l ev en f o r  each s e t  for a 
t o tal  o f  f i f ty r e s p onses p e r  subj e c t . The duration o f  e ach tone was one  
s econd and the s i lent  interval b e tween e ach of  the  tones  varied  r andomly 
among th ree , f our , f ive , and s i x  s e conds . A one minu t e  r e s t p e r io d  was 
p rov i ded b e tween each s e t . The s ubj e c t s  were ins tru c t e d  to respo nd to 
the o ns e t  of each t one as q u i ckly as p os s ib l e  by ini t i a t ing the neutral  
vow e l  s ound I 1\ I w i th \vhat they cons i dered t o  be  th eir  natur a l  conv e r s a­
t ional loudne s s  and e f f or t  and to hold  i t  unt i l  the tone ended . A 
training p e r i o d  w as p r ov i d ed f o r  the f iv e  y e ar o l d  and the nine year  o l d  
s ub j e c t s  unt i l  the i nves tigator det ermined th a t  they unders tood and cou l d  
cons is tently p e r f o rm th e t as k .  Each o f  the s ub j e c ts was then given 
t en p r ac t i c e  trials  in  order to b ec ome f ami liar  w i t h  the test  p r o c edures . 
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Voi ce reaction t ime (VRT) was  measured with an elec t roni c digital  co unt e r  
t rigg ered b y  t h e  ons e t  o f  t h e  p ure t one s . V o c a l  ons e t  f r o m  t h e  s ub j e c t  
w as t rans duced b y  a condens e r  mi crophone two inches f rom t h e  s ub j e c t ' s  
l ip s . Hhen the vo l t ag e  l ev e l  o f  the acous t i c  s ignal exceeded 4 6 0  mVo l ts 
( ap p r oxima t ely 80 d B  SPL vo cal  int ens i ty lev e l )  the cir cuit  to the count er 
w as b r oken and s t opped  the c l o ck . 
Two thr e e- f ac to r  analy s es o f  var i ance wi th r ep e a ted  measures on one 
f ac to r  ( S e t )  were u t i li z ed t o  i nv es tiga t e  the e f f e c t s  of the thr e e  exp er i­
menta l var i ab les of Ag e ( f iv e ,  ni ne , and adul t ) , G r o up ( s tut t e r er s  and 
nons tut ter ers ) ,  and Set  ( one through f iv e )  on b o th the mean and i n t r a­
s ub j e c t  r espons e variab i l i ty ( calcula t ed f rom the log  o f  th e variance)  
of  voi ce reac t i on t ime . Conclus ions dr awn f rom th es e analys es may b e  
s ummarized as f o l lows : 
1 .  Both the s tu t t er ers  and the nons tut terers exhib i te d  a s igni f i -
cant d ec r ease i n  mean v o i c e  reac tion t ime wi th a n  increas e i n  
age . The f ive year  o l d  s ub j e c t s  f o r  b o th groups exhib i te d  
s i gni f icantly longer VRTs t han the nine year o lds and t h e  adul ts . 
However , wh ile the VRTs f o r  the nine y e a r  o lds wer e  l ong e r  than 
tho s e  of the adul ts , the d i f f erences were no t s igni f i cant . 
2 .  S imi lar ly , the intrasub j e c t  r e s p ons e vari ab i l i ty decr e as ed 
s igni f i cantly wi th an increase in age f o r  b o th the s t u t t erers 
and the nons tut terers  wi th s ignif i cant d i f f erences f ound b e tween 
each o f  the age group s . Thus , wh i le the mean VRT approxima ted  
tha t  o f  the adul ts b y  nine years o f  age , the i ntrasub j e c t  
var i ab i l i ty con tinued t o  dec rease thr o ugh adu l thood . 
3 .  B e twe en g roup comp ar i s o ns r evealed that  the me an VRTs f o r  the 
s t u t t erers were s i g ni f i c an t ly l onger than tho s e  of the ma t ched 
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nons tut ter ers at  each o f  the three a g e  l ev e l s .  T h e  large s t  d i f ­
f er ence  b e tween t h e  means f o r  t h e  two g ro up s  o f  s ub j e c t s  was 
f ound f o r  the f iv e  year  o l d s  (60 ms ec . ) ,  de creas i ng to  5 0  ms e c . 
f o r  the nine year o ld s  and 30 mse c .  for  th e adul t s . Th e G roup x 
Ag e i n terac t i on , h owever , was nons igni f i c ant . 
4 .  The i n t rasub j e c t  respons e var i ab i li ty f o r  th e s tu t terers  was 
als o s ig ni f icantly g re a t e r  than th a t  f o r  the nons t u t te r er s  a t  
each o f  t h e  th ree  ag e l ev els . A s  wi th th e mean VRT , th e greates t 
d i f f er ence in respons e v ar i ab i l i ty b e twe en th e two groups o c cur r e d  
f o r  t h e  f ive y e ar o lds , progress iv e ly d e creasing a s  ag e i ncreas ed . 
5 .  Th e Age x Set  i nt e r a c t i o n  for  the mean v o i c e  r eac t ion t ime 
was nons igni f i c an t  i nd i c a t ing that age h ad l i t t l e  or no  e f f ec t  
o n  the ra t e  o r  degree  o f  adap ta tion  f or the mean VRT a c r o s s  
r e s p onse  s e t s . The s tu t terers as a group , howev er , demons trated  
a p a t tern o f  adap t a t i o n  f o r  mean VRT wh i ch was  d i s s imi l ar to  
th a t  o f  the  nons tut t erers . The s t u t terers exh ib i t ed a d e crease  
in  mean VRT from set  one to s e t  two of  1 9  msec . This decreas e  
was fo l l owed b y  a p r ogres s iv e  incr e a s e  i n  VRT wi th each addi­
tiona l  s e t ,  a t t ai ning a maximum va lue for s e t  f iv e  wh i ch was 
6 ms ec . longer than s e t  one . The nons t u t terers  s h owed l i t t le or 
no chang e i n  mean VRT across  s e ts , a t t a ining a minimum value on 
s e t  one . 
6 .  The Age x S e t  i n t e r a c t i o n  f o r  intrasub j e c t  r e s p onse  v ar i ab i l i ty 
was nons i g ni f i c an t  i ndi c a t i ng th at ag e had l i t t le e f f e c t  on  the  
r a te  o r  de gree o f  adap t a t i o n  w i th res p ec t  to  resp ons e var i ab i l i ty .  
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7 .  S imi l a r ly , t h e  Gro up x S e t  � n t e r a c t i o n  f o r  in t r a s ub j e c t  r e s p o n s e  
v ar i ab i l i ty was a l s o  no n s i gni f i c an t .  Th i s  i n d i ca t e d  th a t  t h e  
s tu t t e r e r s  and th e no ns t u t t e r e rs exh i b i t e d  s imi l a r  p a t te r n s  o f  
�han g e  i n  var i ab i l i t y  ac r o s s  s e t s . 
8 .  T h e  comb i n ed i n t r as ub j e c t  res p o ns e  var i ab i l i ty f o r b o th th e 
s tu t t er e r s and the n o n s tu t t e r e r s  d e c r e as e d  f r om s e t  o n e  t o  
s e t  two . This was s ub s eq ue n t ly f o l lo w e d  b y  an o v e r a l l  i nc r e a s e 
in s u b j e c t  v ar i ab i l i t y wi t h  s e t s th r e e , f o u r , and � i 7e . 
rhe r e s u l t s  o f  t h i s  s tudy s u g g e s t t h a t  the s l owe r , m o r e  v a r iab !e 
vo i c e  i ni t i a t i o n  ab i li ty for s t u t t e r e rs ma y no t r e s u l t  f rom f a c t o r s 
as s o ci a t e d  wi th the d ev e l o pm e n t  o f  the s tu t t e ri ng di s o r de r w i t h ag e .  
D i f f i cu l ty i n  ? romp t ly i ni t i a t i n g  vo i c i ng , o n  the o t h e r h and , may c o n­
t ri b u t e  to e a r !y d i s rup t i o n  i n  t h e  timing r e l a t io n s h i p  b e twe e n  r e s p i r a t o ry ,  
?:1on2. t c �:y , J.n d ar t i cu l a t o ry p r o c e s s e s 'J.e e d e d  f o r  :': l u ec. t s p e e c h  p-::- o d u c  ti o n .  
The r e s u l t s  o f  t h i s  s t udy as we l l  as th os e r ep o r t e d  f �o m  p r ev i o us i nve s t i-
� a t i c � s  m i g h t  b e  i n t e rp r e t e d  to s u g g es t that th e s l ow vo i c e  i n i t i a t i o G  
ab i l i ty ,  a t  l e as t i n  s om2 i n di v i du a l s , may r e s u l t  f r om d i s rup t i o �  i n  t h e  
d e ve lop:ne n. t  o f  w.o t o r  p r o g r amming i nv o lv e d i n  e a rly s t ag e s  o f  s p e e ch p r o ch c­
t i o n . This d i s rup t i on als o ap p e ars t o  b e  e xhi b i t e d  i n  nons p e e ch as wa ll 
a s  sp e e ch r e l a t e d  mo t o r  t a s ks and ':'Tcl.Y r e f l ec t· f a c t o r s  i n v o l v e d  i n  c e n t r al 
t >r o ,: es s  :t ng s u ch as a l ack of l1 eiT1i s n h e r i c  d om i nan c e . 
Imp�icaticns for Fur ther Re s ea r c h  
<: r;'l (: s t i g a t i o n  o f  v o i c e r e a c t i o n  D e r f c r:nan c e  o f  chi l d r e n  ,,;h o 
s t u t t e r  and thos e wh o do no t u t i l i z i �g a mo r e  d i f f u s e r an g e  o f  a g e s  �i gh t 
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ini t i at i o n  d i f f i cu l ty . P ar t i cular a t t ention shoul d b e  f o cu s e d  on t h e  
p e r f o rmance ab i l i t ie s  o f  ch i l dr en y o ung e r  th an f i ve years o f  age .  This 
may include s ub j e c ts no t ne c e s s a r i ly c at ego r i z e d  as exh ib i t i ng a " s t u t­
t er ing" p rob lem p e r  s e  b u t  may inc lude a con t i nuum o f  "highly f luent" 
and " high ly d i s f luent" chi ld r en . 
2 .  Res earch h as i nd i c a t e d  that s tu t t e r ers demons t r a t e  s lowe r ,  
mor e vari ab le reaction  t imes f o r  nons p e e ch as we l l  as s p e e ch task s , s u ch 
as  a f i ng er tap respons e . I nves t i g a ti o n  o f  the neur a l  response time and 
the mechan i c a l  response t ime of s tu t t e r ers and nons t u t t e rers ut i li z ing 
e l e c t romy o g r ap h i c  r e cordings o f  antagonis t i c  mus c l e  gr oups  for a finger  
l i f t response  may provide  valuab l e  info rmat i o n  regarding th e lo c i  o f  
d i s rup tion . 
3 .  S imi l a r ly , i nv es t igat ion o f  the neural r esponse t ime and the 
me chani cal re s p on s e  t ime f o r  vo i c i ng o ns e t  u t i l i zi ng EMG r ecordings o f  
an t ag oni s t i c  addu c t o ry and ab du c to ry i n t rins i c  lary ng e a l  mus culatur e  
may p rovi d e  informa t i on regarding th e s p e ci f i c  na ture o f  vo i ce ons e t  
dis rup t i on f o r  s tu t t e rer s . 
4 .  Advanced exp e r imen t a l  p r o c edures  have b een u t i l i ze d  to d i f­
f er en t i a t e  b e tween th e r e l a t iv e  co n t r ib u t ion o f  th ree b a s i c  comp onents 
of neural response t ime in motor r e ac t ion t asks ( Ne t s e l l  and D an i el , 
1 9 7 4 ) . I nve s t igat ion o f  th e s ensory t ime , the cen t ra l  p r o c e s s i ng t ime , 
and the mo t o r  t ime o f  s tu t t e rers and nons tut t erers on a s imp le  m o t o r  
reac tion t a s k  ( such as a f inger l i f t resp ons e )  migh t p rovide  valuab l e  
quan t i t a t iv e  evi d ence r egarding the lo c i  o f  p o s s ib le d i s rup t i on i n  the 
neu r a l  p ro c es s e s  o f  s tu t t erers . 
5 .  Th e re is s ome evidence tha t  s l ow vo ca l ons e t  fo r s tu t t erers 
may result f r om a lack o f  h emi s p h e r i c  d ominan c e  fo r motor  ta sks . " S p l i t t i n g  
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t h e  h emispheres ' '  f o r  v o i c e  r ea c tion tasks u t i l i z ing s t imul i  w i t h  v ary i ng 
d egre es o f  l i ngui s ti c  comp lexi ty app ea r  warrant e d . As no t e d  by S t ark­
weather (per sonal communica tion ) us e o f  the v i s ua l  s t imulus mo dal i ty may 
b e  the b e s t  way o f  accomp lish i ng th i s  task o f  p r e s e n t i ng comp e ti ng s timu l i  
t o  each hemis phere  i ndep enden tly w i tho u t  conf ound ing t h e  results  w i th 
audi t o ry p e rcep tual f ac to r s . 
6 .  Re s p i r a t o ry proces s e s  p lay a s i gni f i cant r o l e  in v o i c e  i n i t i a­
t i o n . D elay in ons e t  o f  res p i r a to ry f o rces i nvo lve d i n  vocal  f o l d  vib ra­
tion may con t ri b u t e  t o  the o b s e rved s lowe r  voi c e  r e a c t i o n  times f o r  
s t ut t erers . I t  woul d app e a r  advantageous to  comp are the  r ea c t i on t imes 
o f  v ar i o us re s p i r a to ry mus cul a ture i nvo lved i n  s p e e ch produc tion , such 
as the  i n t ern a l  and external i n t e r cos t a ls . 
7 .  Bo th f r eq uency and s ev e r i ty o f  s t u t t e ring varies  und e r  d i f f er en t  
condi t i o ns o f  phy s i c a l  and p sy ch o l o g i cal s t re s s . The e f f e c t  o f  s t re s s ­
v ary ing s i tuat i ons o n  vo i c e  reac t i on p er f o rman c e  may b e  i nv e s ti g a te d  b y  
exp er iment a l ly manipu l a t i ng s tr e s s  r e la t e d  cond i t i ons , s u ch as nega tive 
p e r f o rmance  f eedb ack , incre a s i ng aud i ence  s i z e , e t c .  
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APP END I CES  
APP ENDI X  A 
VOICE  REACTION TIHES (MSEC . ) FOR THE TEN 
ST IMULUS- RESPON S E  CAL IBRATION  PAIRS 
1 .  369  
2 .  4 9 2  
3 .  40 3 
4 .  4 0 3  
5 .  2 7 5 
6 .  3 6 9  
7 .  29 3 
8 .  2 7 1  
9 .  3 5  7 
10 . 4 2 4  
1 1 8  
APP END I X  B 
BAS I C  INS TRUCTIONS TO THE FIVE AND N INE YEAR OLD SUBJECTS 
Hav e  you  ever b e en i n  a race b e f o r e ?  I ' l l b e t  you a r e  r e a l  f as t . 
We l l , to day y o u  are go ing to  b e  in a kind o f  rac e . But  thi s t ime i ns t e ad 
o f  running I would like to f ind ou t how fast  y o u  can b e gin to make a so und 
f o r  me . The s ound you  wi l l  make i s  I 1\ I .  L e t  me hear you  m ake the I 1\ I 
s ound j us t  l ike I did . Good ! The s ignal to  b eg in to make the sound 
w i l l  be tones that sound j us t  like th i s : ( p r e s e n t  1000 Hz  t one o f  one 
s e cond dura t i on through loudsp eake r ) . As soon as y o u  hear one o f  the s e  
t ones y o u  should b e g in t o  s ay I 1\ I as s o o n  a s  y o u  can and ho l d  i t  unti l 
you h e ar the tone s to p . L et ' s  t ry a f ew f o r  p r ac t i ce . ( P r es ent  two o r  
three tones through the sp eake r . )  Goo d ! Rememb e r ,  s ome t imes the tones 
w i l l  be r e al close together , and s ome times they wi l l  be fur th er ap art , 
s o  as soon as yo u hear the t one , b eg i n  to s ay I 1\ I as q u i ckly as y o u  can 
and hold  i t  un t i l  the to ne s tops . Then get re ady f o r  the nex t t one . Now 
l e t ' s  p rac t i ce a f ew more t imes wi th thes e  earph ones on . I ns tead o f  the 
tone s coming f r om thi s  s p e ake r ,  they wi l l  come out of th ese  ea rpho nes s o  
that y o u  can hear them b e t t er . 
Now tha t  y o u  have h ad s ome p ract i c e , le t ' s  d o  the res t f o r  real . 
You  wi l l  hear e leven tone s and then you can t ake a res t b e fore  b eg i nning 
again . 
Are you  ready ? 
1 1 9  
APP ENDIX C 
BAS I C  INS TRUCTIONS TO THE ADULT SUBJECTS 
Th e purp os e  of th i s  exper iment is  to meas ure how q u i ckly you c an 
reac t to the ons e t  o f  a tone by p roducing the s ound / (\ I .  Y o u  wi l l  b e  
p res en t ed wi th a s er i es o f  tones through the s e  earphones a t  a com f o r t ab le 
loud less  leve l .  The tones  whi ch s i gnal you  t o  b e gi n  p ro d ucing the ! A I 
s o und wi l l  a l l  s o und like this (P r e s en t  o ne o f  the s timulus t o nes  through 
the louds p e aker . ) .  As s oon as you hear the ons e t  o f  e ach o f  the s e  tones , 
reac t as qui ckly as you  can by p r o ducing the 1 1\ / s ound wi th wha t  you 
c ons i d e r  to  be  your na tural conve r s a t i onal lo udnes s  and e f f o r t , and ho l d  
i t  unt i l  t h e  tone en d s .  Each tone w i l l  b e  one s e cond long . However , 
the t ime b e tween each of the tones wi l l  vary randomly b e tween thre e , fo u r , 
f ive , and s i x  s e conds . Af ter comp le ting the s o und , l i s ten car e f u l ly f o r  
the next tone . You w i l l  b e  p r es e n t e d  wi th a to t a l  o f  f i f ty - f iv e  tone s 
divided i nt o  five s et s  o f  el even tones  each . Th e re >vi l l b e  a shor t res t 
p e r i o d  b e tween each o f  the s e ts . Rememb e r ,  the obj e c t  i s  t o  s ta r t  pro­
ducing the I 1\ / s o und as qui ckly as you can when y ou hear the ons e t  o f  
each t o ne . D o  you h ave any ques t i ons ? 
B e f o r e  we begin  the exp e riment , le t ' s  t ry ten p ra c t i ce t r i als . 




TABLE 1 1  
S CNHARY O F  RA\v DATI\ F O R  HEAN VOI C E  REACT ION T INE S (NS E C . )  FOR ALL SUBJ E C T S  AS A FUNC T I ON 
OF G ROUP ( S TUTTERERS A�� NON S TUTT E RERS ) ,  AGE ( 5  Y EARS , 9 Y EARS , AND ADULT S ) , 
AND S ET ( 0 :-lE THROUGH F I V E )  . 
S ET 
G ROUP AGE SUB J E C T  1 2 3 4 5 
S t u t t er e r  5 Year s 1 5 8 8  5 6 3  6 2 8  6 4 8  6 8 3  
S t u t t e r e r  5 Y e ars 2 4 6 8  4 2 1  4 6 5  4 3 2  4 6 9  
S t u t t e r e r  5 Y e a r s  3 4 8 6  4 6 6  4 8 9  4 8 6  4 8 3  
S t u t t e r e r  5 Y e ar s 4 5 9 2  5 3 2 5 7 3  5 9 9  5 4 1  
S t u t t e r e r  5 Y e a r s  5 8 1 4  8 1 1  7 1 2  7 70 7 8 1  
S t u t t e r e r  5 Y e a r s  6 509  4 7 2  4 80 4 8 7  5 2 1  
S t u t t e re r  5 Years 7 5 9 8  5 4 3  5 4 8  5 4 7  5 8 2  
S t u t t e r e r  5 Y e a r s  8 5 49 5 3 6 5 2 7  5 9 3  6 20 
S t u t t er e r  5 Y e a r s  9 5 2 7  4 7 6 5 4 3  5 5 7  5 4 8  
�ean 5 7 0  5 3 6 5 5 2  5 6 9  5 8 1  
S t u t t e r e r  9 Y e a r s  10 3 8 1  3 6 5  3 6 4  4 2 0  4 5 2  
S t u t t e r e r  9 Y e a r s  11 3 70 3 8 1  3 8 1  3 8 1  3 9 9  
S t u t t e r e r  9 Y e ar s  1 2  3 2 7  3 2 2  3 3 8  3 4 9  3 6 0  
S tu t t e r e r  9 Y e ar s  1 3  2 8 2  2 7 5  285  2 6 3  2 6 8  
S t u t t er e r  9 Y e a r s  14 3 9 5  3 8 5  39 3 380  405  
S t u t t e r e r  9 Y e a r s  15 4 15 4 79 3 3 7  4 0 5  4 2 6  
S tu t t e r e r  9 Y e a r s  16 36 5 3 7 8  3 7 8  3 5 5  3 7 7  
S tu t t e r e r  9 Y e a r s  1 7  3 5 7  3 30 30 7 3 2 8  309  
S tu t t e r e r  9 Y e a rs 1 8  2 5 9  2 5 9 3 1 5  2 6 0  3 0 2  








GROUP AGE SUB J E C T  
S tu t t er e r  Ad u l t  1 9  
S t u t te r er Adu l t  20 
S tu t t e r er Adu l t 2 1  
S t u t t e r e r  Adu l t  2 2  
S tu t t e r e r  Adu l t  2 3  
S tu t t e r e r  Adu l t  2 4  
S tu t t er e r  Adu l t  2 5  
S t u t t e r e r  Adu l t  2 6  
S t u t t er e r  Ad u l t 2 7  
H e  an 
Nons t u t t e r e r  5 Y e a r s  2 8  
N o n s tu t t e r e r  5 Ye a r s  29 
No ns t u t t e r er 5 Y e a r s  30 
Nons t u t t e r e r 5 Y e a r s  31 
Nons t u t t er er 5 Year s 3 2  
Non s tu t t e r e r  5 Y ea r s  3 3  
Nons t u t t e r er 5 Y e a r s  3 4  
Nons t u t t e r e r  5 Y e a r s  35 
Nons t u t t e r e r  5 Y e a r s  3 6  
Mean 
TA BLE 1 1  ( C o n t i nue d )  
S ET 
1 2 3 
3 9 4  3 5 2  3 5 6  
3 5 9  2 9 8  3 2 0  
3 2 2  2 9 9  2 5 5  
3 2 6  3 0 4  3 0 8  
2 6 5  2 86 3 26 
3 2 5  3 30 3 1 1  
30 7 3 0 7  2 8 8  
2 3 7  2 2 4  2 5 8  
2 7 7  2 7 7  2 7 5  
3 1 2  2 9 8  300 
4 8 3  4 39 5 1 5  
4 81 466  4 7 4  
4 7 2  440 4 2 1  
3 5 0  3 7 3  400 
4 7 4  5 36 5 3 5  
6 1 1  5 4 7  7 6  7 
5 10 4 9 5  4 5 0  
446  39 1 39 8 
486  4 9 6  4 6 0  
4 80 4 7 6  49 2 
4 
3 8 6 
2 6 6  
2 3 8  
306  
2 7 5  
2 9 4  
29 4 
2 6 5  
2 5 3  
2 8 7  




5 2 3  
6 7 2  
4 5 8  
3 7 7  
5 16 
4 8 8  
5 
4 4 8  
2 7 4  
2 6 9  
3 1 2  
2 7 2  
3 3 7  
2 84 
2 6 0  
2 7 6  
3 0 4  
5 85 
4 9 1 
4 3 6  
3 0 7  
5 2 1  
6 2 6  
446  
3 8 9  
5 0 6  




GROUP AGE SUB JECT 
N o n s tu t t er e r  9 Y e ars 3 7  
Nons t u t t e r er 9 Y ears 3 8  
No ns t u t t er e r  9 Y e a r s  3 9  
N o ns tut t e r e r  9 Y e ar s  40  
Nons t u t t e r e r  9 Y e a r s  4 1  
Nons t u t t er e r  9 Y e ar s  42  
Nons t u t t e r e r  9 Y e a rs 4 3  
Nons tu t t e r e r  9 Y e a r s  44 
Nons tu t t e r e r  9 Y e a r s  45  
H e  a n  
No ns tu t t e r e r  Adu l t  46 
No ns t u t t e r e r  Adu l t  4 7  
N o ns t u t t e r e r  Adu l t  48  
Nons t u t t e r e r  Adu l t  4 9  
N o n s tu t t e r e r  Adu l t  50 
Nons t u t t e r e r  Adu l t  5 1  
N o ns t u t  t e re r  Adu l t  5 2  
i'l o n s t u t t e re r  Adu l t  5 3  
Nons tu t t e r e r  Ad u l t  54  
H e  a n  
TABLE 11  ( C on t i nu e d ) 
S ET 
1 2 3 
2 8 5  2 9 0  2 7 7  
3 0 4  3 1 0  3 4 5  
3 2 2  3 3 6 306  
266  2 2 5  2 2 7  
3 0 4  3 1 6  3 10 
2 7 3  2 6 2  3 1 5  
3 1 4  2 8 5  2 85 
2 86 2 7 1  2 8 2  
3 0 1  2 9 6  3 0 1  
2 9 5  2 8 8  2 9 5  
3 1 2  3 10 29 1 
2 5 0  2 7 2  2 3 6  
2 5 0  26 3 2 8 3  
2 5 8  2 7 5 2 8 2  
2 0 3  2 2 6  2 2 7  
2 6 1  2 4 9  2 4 5  
2 8 7  2 9 2 2 8 8  
2 5 9  2 5 0  2 4 4  
29 1 30 8 2 8 3  
26 4 2 7 2  2 6 5  
4 
2 7 8  
3 3 9  
2 9 2  
2 6 8  
3 1 3  
2 8 1  
2 9 1  
2 6 6  
3 0 6  
2 9 3  
3 0 2  
2 5 3  
2 6 0  
2 6 9  
1 9 1  
2 4 2  
300  
2 5 3  
2 7 2  
2 6 1  
5 
2 5 9  
2 8 5  
3 3 2  
2 4 3  
3 3 6  
280 
3 2 4  
2 4 6  
2 7 9 
2 8 7  
3 0 4  
2 7 8  
3 0 3  
2 7 0  
2 0 8  
2 7 8  
2 86 
269  





TABLE 1 2  
Sl:11HARY O F  THE LOG O F  THE VAR IAN C E S  O F  REAC T I ON THfES I N  N S E C . F O R  ALL S U B J E CTS AS A FUNCT ION O F  
GROUP ( S TUTTE RERS AND NONSTUTT E RERS ) ,  AGE ( 5 Y EARS , 9 Y EARS , AND ADULT S ) , 
AND S ET ( O NE THROUGH F IV E ) . 
S ET 
G ROUP AGE SUBJECT 1 2 3 4 5 
S tu t t e r e r  5 Y e a r s  1 3 . 6 7 56  3 .  7 7 86 3 .  7 5 1 3  3 .  79 1 1  4 . 0 6 9 4 
S t u t t er e r  5 Y e a r s  2 3 .  2 4  7 1  3 . 5 6 6 7 3 . 5 8 2 3  3 . 2 4 2 8  3 . 8 89 3  
S t u t t e r e r  5 Y e a r s  3 3 . 9 7 7 5  3 .  7 7  5 4  3 .  8 13 2  4 . 0 5 1 7  3 . 88 1 8  
S tu t t e r e r  5 Y e a r s  4 4 . 45 15 3 . 8 8 9 7 4 . 5 0 3 6  4 . 40 2 8  4 . 2 6 1 7  > 
S t u t t e r e r  5 Y e a r s  5 4 . 0 8 1 4  3 . 9 7 7 1  3 . 8 5 5 2  4 . 09 0 1  4 . 0 8 9 6  '"-::! >-c 
S t u t t e re r 5 Y e a r s  6 3 . 8 5 5 1 3 . 8 2 89 3 .  6 6 49 3 . 9 3 3 4  3 .  7 1 2 5  M 1-" z 
N S t u t t e r e r  5 Y e a r s  7 4 . 0 2 5 2  4 . 2 0 5 3  3 .  7 14 5  3 . 9 11 8  3 . 9 6 70 t::! ..,.. H 
S t u t t e r e r  5 Y e ar s  8 3 . 0 5 0 3  3 .  7 1 40 4 . 2 7 5 1  3 .  7 7  84 4 . 3 16 5  X 
S t u t t e r e r  5 Y e a r s  9 3 . 9 5 9 4  3 .  8 1 2 7  4 .  0 2 1 1  3 . 8 8 4 2  3 . 9 8 3 7  cr1 
Mean 3 . 9 2 4 8  3 . 8 3 86 3 . 9 0 9 0  3 .  89 85 4 . 0 1 9 1  
S tu t t e r e r  9 Y e a rs 1 0  3 . 5 6 1 6 3 . 5 7 7 3  3 . 5 46 5  3 .  7 3 7 4  3 . 9 4 80 
S tu t t er e r  9 Y e a r s  11  3 . 6 3 3 1  3 .  9 1 2 6  4 . 1 5 20 3 . 5 9 19 3 . 8 8 5 5  
S t u t t e r e r  9 Y e a r s  1 2  3 . 9 36 2  3 . 6 6 6 8  3 . 6 5 4 6  3 . 5 1 86 3 . 80 79  
S tu t t e r e r  9 Y e a r s  1 3  3 . 1 7 8 4 3 . 10 2 1  3 . 3 0 1 3  2 . 9 1 8 7  3 . 2 3 2 3  
S tu t t e r e r  9 Y e a r s  14 3 . 40 9 9  3 .  7 6 0 5  3 . 3 4 4 4  3 . 8 3 16 3 . 4 6 7 3  
S t u t t e r e r  9 Y ea r s  15 3 . 9 5 9 4  3 .  9 7 29 3 . 8 6 49 3 . 7 9 2 6  4 . 0 2 4 1  
S t u t t e r e r 9 Y e a r s  16  3 . 8 5 8 1  3 . 6 6 1 8  3 . 5 0 75 3 .  7 8 2 3  3 . 3 9 6 5  
S t ut t e r e r  9 Y ear s 1 7  3 . 9 7 7 6 3 .  5 7 1 8  3 . 9 0 46 3 . 69 5 7  3 . 4 8 9 4  
S t u t t e r e r 9 Y e a rs 1 8  3 .  86 5 7 1  3 . 6 8 1 7 4  4 . 0 0 4 4  3 . 8 4 3 9  3 . 86 5 80 
M e an 3 .  70 89 3 . 6 5 6 4  3 .  69  7 8  3 . 6 3 4 7  3 . 6 7 9 7  
GROUP AGE SUBJECT 
S t u t t e r e r  Adu l t  1 9  
S tu t terer Ad u l t  20 
S t u t t e r e r  Adu l t  2 1  
S tu t t e r e r  Adu l t  2 2  
S t u t t erer  Adu l t  2 3  
S tu t t er e r  Adu l t 2 4  
S t u t t erer  Adul t 2 5  
S t u t t er er Adu l t  26  
S t u t t e r e r  Adu l t  2 7  
He an 
Nons t u t t e r e r  5 Years 2 8  
::-.Jons t u t t er e r  5 Years  2 9  
Nons tut t e r e r  5 Years 30 
::-.Jons t u t t e r e r  5 Years 3 1  
Nons tu t t e rer 5 Y ears 3 2  
Nons tu t t e r e r  5 Years 3 3  
Nons t u t  t er e r  5 Years 3 4  
Nons tu t t e r e r  5 Y ears 3 5  
Nons t u t t e re r  5 Years 36 
H e  a n  
TABLE 12 (Cont i nued)  
S ET 
1 2 3 
3 . 3 4 49 3 . 0 4 8 1  3 . 3 9 4 8  
3 .  8 9 9  3 2 . 9 7 6 6  3 . 0 1 9 9  
3 . 5 0 2 6  3 . 3 1 6 4  3 . 0 5 9 4  
3 . 6 7 7 3  2 . 9 5 4 6  2 . 5 9 4 5  
3 . 1 9 6 0  3 . 7 2 9 8  3 . 8 5 12 
3 . 19 8 3  2 .  7 20 5  3 . 3 8 8 4  
3 . 2050 2 . 4 2 1 9  3 . 4 2 2 3  
3 . 0 7 1 8  2 . 6 0 1 8  3 . 3 7 7 4  
2 . 9 1 7 7  3 . 2 0 1 6  2 . 5 5 4 7  
3 . 3 3 4 8  2 . 9 9 6 7  3 . 1 84 7  
3 . 8 3 0 1  2 . 9 29 6  4 . 0 9 9 4  
3 .  7 5 0 1  3 . 9 0 4 5 4 . 0 9 6 7  
3 . 8 8 2 4  3 .  7 5 5 3  4 . 0 5 3 9  
4 . 4 1 2 8  4 . 109 4 3 . 86 1 3  
3 . 50 4 5  3 . 4 4 2 5  3 .  6 80 2 1  
3 .  7 1 7 3  3 . 2 5 46 3 . 640 7 
3 .  7 7 8 7  3 .  7 3 1 8  3 .  9 10 3  
3 . 6 2 5 9  3 . 7 4 3 4  3 . 5 42 7  
3 . 8025  4 . 09 9 7  3 . 7 5 9 9  
3 .  8 1 1 6  3 . 6 6 3 4  3 . 849 3 
4 
3 . 1 2 8 8  
3 . 0 8 6 2  
2 . 9 6 8 7  
2 .  9 19 7 
2 . 9 9 9 1  
2 . 8 3 6 3  
2 . 8 5 4 3  
3 . 3 3 3 1  
3 . 0 7 5 9  
3 . 0 2 2 5  
3 . 8 8 2 3  
4 . 2 7 2 5  
3 .  7 3 5 2  
4 . 1 2 5 5  
3 . 6 4 5 5 
3 .  8 2 7 5  
3 . 8 2 26 
3 . 4 16 5  
3 . 5 7 5 4  
3 . 85 5 9  
5 
3 .  869  3 
3 . 2 7 1 8  
3 . 3 5 3 3  
2 . 49 9 1  
2 . 5 5 3 1  
3 . 4 1 8 8  
3 . 4 0 8 7  
2 . 6 3 4 9  
3 . 2 5 2 6 
3 . 1 4 0 2  
4 . 1 9 9 1  
3 . 6 20 5  
3 . 9 6 6 5  
3 . 6 1 86 
3 .  9 2 1 4  
3 . 4 7 83 
3 . 7 5 5 1  
3 . 7 5 4 8  
3 . 7 3 9 8  
3 . 7 8 3 8  
['0 
Vl 
GRO UP AGE SVB J E C T  
Nons t u t t e r e r  9 Y e a r s  3 7  
Nons t u t t e r e r  9 Y e a r s  3 8  
Nons tu t t e r e r  9 Years 39  
Nons t u t t e r e r  9 Ye ars 40 
Nons t u t t e r e r  9 Y e a r s  41  
Nons t u t t e r e r  9 Y e a r s  42 
Nons t u t t e r e r  9 Y ea r s  4 3  
Nons t u t t e r e r  9 Y e a r s  4 4  
Nons t u t t e r e r  9 Y e a r s  45 
Mean 
Nons tu t t e r e r  A d u l t  46 
Nons t u t t e r e r  Adu l t 4 7  
N ons t u t t e r e r  Adu l t  4 8  
Nons t u t t e r e r  Adu l t  4 9  
N o ns t u t t e r e r  A d u l t  50 
N o ns t u t t e r e r  Ad u l t  5 1 
N o ns t u t t e r e r  Adul t 5 2  
Nons tu t t e r e r  Adu l t  5 3  
Non s t u t t e r e r  Adu l t  5 4  
l1e a n  
TABLE 1 2  ( C o n t i nu e d ) 
1 2 
3 . 3 5 7 8  3 . 1 40 0  
3 .  7 6 5 6  3 . 4 0 6 7 
3 . 2 80 4  3 . 4 0 4 1  
3 . 49 0 8  3 . 1 7 3 7  
3 . 16 3 4  3 . 3 8 5 9  
3 . 1 9 0 4  3 . 1 9 5 6  
3 . 1 79 3 2 .  9 89 4 
3 . 7 84 9  3 . 1 82 6  
3 . 4 1 9 2  3 . 4 5 5 5  
3 . 40 3 5  3 . 2 5 9 3  
2 . 8 8 8 5  3 . 2 0 9 6  
2 . 5 6 6 8  3 . 0 8 1 3  
3 . 0 1 3 6  2 . 9 49 4  
3 . 2 0 1 2  3 . 0 7 1 1  
3 . 0 6 49 3 . 2 6 5 1  
3 . 3 1 35 2 . 7 5 89 
2 . 6 8 9 3  3 . 0 0 9 3  
2 . 9 7 4 6  2 . 9 5 0 3  
2 . 6 6 2 8  2 . 8 6 09 
2 .  9 30 5  3 . 0 1 7 3  
S ET 
3 4 
3 . 3 1 2 5  3 . 09 5 3  
3 . 3 2 3 6 3 . 4 5 0 2 
3 . 3 5 4 1  3 . 3 3 1 2 
3 . 1 8 8 4  3 . 6 9 7 9  
3 . 1 5 40 3 . 5 6 6 7  
3 . 6 3 7 2  3 . 49 5 7  
3 .  3 2  7 7  3 . 0 2 5 7 
3 . 19 2 8  3 . 3 6 9 6  
3 .  3 5  7 1  3 .  7 4 6 5  
3 . 3 16 3  3 . 4 1 9 9  
2 . 6 1 6 5  3 . 4 8 2 8 
2 . 6 5 5 0  3 . 1 8 5 3  
2 . 9 8 4 3  2 . 8 8 5 9  
2 . 8 8 6 1 3 . 0 19 3  
3 . 2 2 2 8  3 . 1 7 8 8  
2 . 1 9 2 4  2 . 2 4 84 
2 . 3 5 2 6  2 . 9 4 5 5  
3 . 3 2 0 3  2 .  7 6 8 3  
2 . 7 4 2 5  2 .  6 8 9 2  
2 .  7 7  4 6  2 . 9 3 3 7  
5 
3 . 0 0 8 5  
3 . 5 0 4 5  
3 . 40 7 8  
3 . 5 18 8  
3 . 5 1 2 5 
3 . 6 6 9 5  
3 . 6 6 4 8  
3 . 3 8 7 9 
3 . 1 8 3 5  
3 . 4 2 8 6 
3 . 1 8 2 1  
3 . 1 7 3 6  
2 . 9 85 7  
3 .  5 7 1 6  
3 . 5 9 9 9  
3 . 0 9 0 9  
2 . 8 3 6 4  
3 .  7 5 4 8  
2 . 8 5 9 0 7 
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